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ABSTRACT
1. The metal contaminations of soil and vegetation at two
disturbed sites, the waste rock dumps of the iron mine and
the iron ore tailings at Ma On Shan were studied.
2. The iron ore tailings contained very high levels of
total metal contents except potassium with 1074 ppm Na,
3103 ppm K, 9327 ppm Ca, 28756 ppm Mg, 2123 ppm Mn, 19954
ppm Fe, 337 ppm Zn., 116 ppm Pb and 53 ppm Cu. The dump soil
was contaminated with lower-levels of heavy metals.
3. Soil column studies were carried out and the tailings with
and without the application of sewage sludge were leached
with deionized water. Large amounts of essential mineral
elements as well as various heavy metals were found in the
leachates of the tailings. Lower pH treatments usually
accompanied with higher heavy metal contents in the leachates.
There was an increase in metal contents of the-leachates
from the sludge-amended tailings. The digested sludge
released higher contents of heavy metals than the activated
sludge and higher amounts of metals were noted with
higher rates of sludge application.
4. The terraces of the dumps supported a moderate plant cover
whereas the vegetation was sparse on the slopes. Lichens
were the pioneer species colonizing the bare rock dumps and
the most successful plant species growing on the slopes was
a fern, Nephrolepis cordifolia. The iron ore tailings :+. only
had a plant cover less than 5% of the total area.
5. Higher amounts of metal were accumulated in the tissues
of all the plant species collected from the disturbed areas.
Major mineral elements (Na, K, Mg and Ca) were mainly stored
in leaves and the heavy metals (Fe, Mn, Zn, Pb and Cu) in
roots. A creeping grass, Paspalum distichum was found to
grow on the waterlogged tailings which contained an'extremely.
high level * of metals.
CHAPTER ONE
Introduction
Mining is second to agriculture as the world's oldest
and most important industry. The intensification of exploitations
on mineral resources develop promptly to cope with the rising
demand of different minerals. Table 1.1 summarizes the world
production of selected minerals in the past 37 years. Iron
ore is excavated much more than other minerals in the world
and in the past three years 1975, 1976 and 1977, the total
world production of iron ore was 901.6, 896.0 and 851.8 millon
tonnes per annum respectively (Klinger, 1978).
A wide variety of environmental problems arises from the
activities of mining. These problems include the heavy metal
pollution of air, water and land. Their subsequent effects
may cause hazard to the safety of man directly or indirectly.
Other minor problems such as dust formation, noise pollution,
nuisance and loss of amenity are usually accompanied with the
mining activities. The detrimental impact of mining upon the
land, air and water had been a topic of concern for centuries.
However, it is only in the last three decades that the problems
have become so acute that remedial measures have been extended
on any scale.
The Ma On Shan iron mine is the largest mine equipped with
mechanized installation in Hong Kong. The operation of mining
Table 1.1. World production of selected minerals* (Note that many of the figures are approximate, due




1941 1945 1949 1953 1957 1961 1965 1969 1973
6.0 3.9 8.4Aluminium (bauxite) 13.7 20.1 28.5 36.3 53.0 70.0
Chrome ore 1.6 1.1 2.1 3.5 4.6 4.1 4.9 5.3 6.8
Copper metal 2.5 2.1 2.2 2.8 3.5 4.2 4.9 5.8 6.4
Fluorspar 0.4 0.4 0.6 1.2 1.7 2.0 2.8 3.6 5.0
Gypsum 12.0 10.0 17.0 21.6 33.0 41.0 44.0 49.0 60.0
Iron ores 228 157 220 336 429 619 697499 864
Lead, metal in ore 1.7 1.2 1.6 1.9 2.3 2.4 2.7 3.1 3.5
Manganese ore 5.7 4.0 6.2 1.3.410.9 13.8 18.0 18.6 21.3
Nickel, metal in ore 0.15 0.15 0.15 0.20 0.30 0.37 0.42 0.50 0.68
Phosphate rock 10.1 10.8 19.6 24.7 32.0 45.0 63.0 80.0 97.0
Potash (K20) 3.1 2.2 3.9 6.6 8.1 9.9 13.8 16.9 19.0
Pyrites 9.0 10.9 15.7 17.9 19.8 20.9 22.0
Salt 37.0 33.0 41.5 51.4 70.0 83.0 108.0 131.0 150.0
Tin, metal in ore 0.24 0.09 0.16 0.18 0.18 0.16 0.18 0.20 0.24
Zinc, metal in ore 2.1 1.6 1.9 2.6 3.1 3.3 4.1 4.8 5.5
* From Down & Stocks (1977)
3was commenced in 1906 and ceased in 1976, with the first fifty
three-years adopting the method of surface mining and the rest of
period with the method of underground mining. After the set
up of the mechanized dressing plant in 1954, the iron ore
tailings has been dumped on the eastern coast of Tolo Harbour
for twenty two years. The mine site as well as the iron ore
tailings were of little concern until the past few years.
The effect of the iron ore tailings related to the coastal
environment was first reported in 1976 (Wong and Chan, 1976).
The heavy metal contaminations of soil and vegetation (Wong
and Tam, 1977), an edible clam, Paphia sp. (Wong and Li,-1977),
two marine algae, Chaetomorpha brychagona and Enteromorpha
crinita (Wong et al., 1979), the coastal environment and seawater
of Tolo Harbour (Wong et al., 1978) affected by -the tailings
were subsequently reported. However, there is a lack of
information concerning the soil and vegetation at the mine
site. The present study is an attempt to delineate the metal
contamination in soil and vegetation-at the mine site as well as
the iron ore tailings. The content of this study can be divided
into four parts.
1. The study of metal contamination of soils is carried out
at the waste rock dumps of the mine site and the iron ore
tailings. Comparisons are made between the contaminated
areas and the uncontaminated background soils at Ma On Shan.
42. This part is subdivided into two sections.
a) The effect of pH on the variation of metal release from
the leachates.of the iron, ore tailings is evaluated by
leaching studies of tailing columns. The leaching of
the tailings by rainwater under natural conditions
is simulated.
b) The, leachate quality of sludge-amended iron ore tailings
is assessed. Its aim is to -define the heavy metal
contamination in the leachates of the tailings if the
tailings were amended with sewage sludge as a means
of reclamation.
3. Qualitative and' quantitative studies are carried out on
the vegetation of the waste rock dumps and the iron ore
tailings. It is hoped to reveal the edaphic and micro-
climatic factors which affected plant growth and distribution.
4. A total of 31 plant species are collected from the waste
rock dumps and the iron ore tailings for the analyses of
metal contents in the plant tissues. The metal contents
of plant species collected on disturbed areas. are compared
with those growing on undisturbed areas of Ma On Shan. The
changes in the pattern of metal localization in different




2.1 Location of the area
Ma On Shan Iron Mine is situated in a small valley
just about 1040 m southwest of the summit of Ma On Shan
(Horse-saddle Hill) in the New Territories. It is on a
deeply dissected north pointing peninsula which is surrounded
on the west, north and east by a highly indented coastline
(Fig. 2.1). Its location is shown in Fig. 2.2 (map
reference: KV 162801 on sheet 7, series HM 20C, 1:20,000).
The mine lies 250 m above sea level and the extent of the
lunar-shaped open-cut terraces and marks of landslides
can be clearly seen even from 1 km away (Fig. 2.3). A
small village, Ma On Shan Tsuen, is located next to the
terraces. 0.9 km to the west-north-north of the peak
of Ma On Shan is the Ngau Ngak Shan (The Hunch Backs)
while the Ngong Ping Shan (Pyramid Hill) is 1.3 km due
south of the summit. The mine is linked to the Sha
Tin Hoi (Tide Cove) by a winding double-tracked road
2.8 km long.
J
The Iron Ore tailings, 2.6 km to the north west
of the mine, has been dumped on the eastern coast of
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Fig. 2.3 A view of Ma On Shan and the Iron Mine (Note the extensive areas of dereliction).
1. The peak of Ma On Shan
2. Marks of landslide areas
3. Extensive landsliding area
4. Terraces a) 3rd Bench
b) 5th Bench
c) 8th Bench
5. The Iron Mine
9jetty since 1954 (Fig. 2.4) (map reference: .KV 144817 on
sheet 7, series HM 20C, 10-20,000). Although a dam was
built to keep the tailings in confined areas, the wastes
spilt over the dam and spread into larger area as a
result of heavy rainfalls and typhoon winds. In 1978,
it covered a total area of about 14.82 ha at high tide,
on which vegetation was sparsely distributed.
Two nearby urban areas are Sha Tin (population:
70,000 in 1978) and Tai Po Market-(population: 29,400
in 1976). They are 6.8 km and 9.8 km away respectively.
The campus of The Chinese University of Hong Kong is 4.7
km to the west-north-west. Meteorological data were
obtained from the station operated by the Department
of Geography.
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Fig. 2.4 An aerial photograph showing the Iron Mine (M), the
Iron Ore Tailings (T). and Tide Cove (TC). (Details





2.2 History of the Ma On Shan Iron Mine
I. Pre-War Period-
Chater was the first person who discovered the
magnetite deposits in this area. The mining was
commenced in 1906 by the Hong Kong Iron Mining Company.
'In 1934, the New Territories Iron Mining Company was
granted a Crown Lease for fifty years. Owing to the
shortage of market demands, the ore production seldom
exceeded 1000 metric tons per annum. Meanwhile,
tungsten was also mined near the Ma On Shan Tsuen.
However, the. production was small which -ranged. from
a few kg to 50 kg' per day. In 1940, the South China
Iron Smelters Limited took over the property and
intended to set up iron smelters near the sea front.
Yet, all works were put to an end during the Japanese
occupation in December 1941.
II. The Second World War -- Period of the Japanese Occupation
The iron ore mining continued during the Japanese
occupation. And over 1500 workers were employed. The
Japanese. planned to build a railway from Shatin to the
mine to facilitate ore-transportation. However, after
they had occupied Hainan Island, where massive iron




The mining rights was ceded to the Mutual Trust
Company in 1949. In 1953, Japanese _aining experts from
the Nittetsu Mining Company suggested to set up an ore
dressing machine to concentrate lower grade ore. In
that year, open-cast mining was changed to underground
mining because the overburdens on the ore body became
too thick to be mined economically. In March, 1954,
a fully mechanized ore-dressing plant with 'a daily
capacity of 710 metric tons was installed at a cost
of HK$3,140,000 (US$500,000). A crude ore of 30%
iron content was beneficiated in the wet magnetic
dressing plant up to 56% Fe. Since 1954, the entire
out-put of the mine has been shipped to Japan.
In 1959, all mining was underground. Heavy
rains in June, 1959 caused landslides and damage
to the approach road,to the mine and to catchwaters
feeding the ore-dressing plant. However, the
production was not seriously affected. Prospecting
'for further deposits of iron ore took place.in four
other localities in 1961. In September, 1962, Typhoon
WANDA caused damages to the mine buildings and
miner quarters. The mine was out of production for
twelve days because of a lack of electric power.
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In 1963, ore obtained from low-grade dumps
was given preliminary treatments in a separate
dressing plant with a maximum daily dressing capacity
of 610 metric tons. The process consisted of
crushing, scr eening and dry magnetic separation. Then
it was passed to the main plant for final dressing.
At the same time, a 2.2 ksn long tunnel below the
ore body and the installation of an electric locomotive
haulage system for transporting ore from underground
workings to the mineral dressing plant were completed.
At the end of 1964, additional equipment in the
grinding section of the main dressing plant was
set up in order to increase the maximum daily dressing
capacity to 1220 metric tons. The dressing plant
was worked on a 3-shift basis in 1965 and in the
following year, the efficiency of ore transportation
was raised by using scrapers.
In 1975, the world economic recession continued
to affect the sales of all minerals produced with the
exception of iron ore. However, production of iron
has had to cease from April, 1976 because the mine
operator failed to settle a sales agreement with the
Japanese buyers. A small scale quarrying of the low
grade dumps and the excavation of iron ore tailings
for land reclamation began since then.
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2.3 Geology
I. Geology of Hong Kong
Hong Kong Island, Kowloon and the New Territories
are part of the Cathaysian* geotectonic region of
southeast China (Lee, 1939). In simple terms,Hong Kong
consists of a number of roof pendents of volcanic and
sedimentary rocks suspended in a batholith of granitic
rocks which extend across South China from Hainan to
Foochow (Allen Stephens, 1971).
There are two major rock types, volcanic rocks and
granites, in Hong Kong (Fig. 2.5) but the oldest rocks
are the marine sediments of the Tolo Harbour. Most of
Hong Kong is occupied by a series of sedimentary-volcanic
rocks of Jurassic age. They are located at the southern
part of Hong Kong Island, western Lantao Island and the
eastern peninsulas of the New Territories. At least
four phases of granite intrusion of the volcanic rocks
and the' older formations took place at Upper Jurassic age.
Granites, which have extensive outcrops, are located
at the northern part of Hong Kong island, eastern Lantao
Island, the southern and western part of the New
Territories. Porphyries are found at the northern part
*Cathaysia: Grabau postulated a landmass called Cathaysia
which has a dominant north-east trend in
South China (Grabau, 1924).
15
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Fig. 2.5 Simplified geology map of Hong Kong (from Grant, 1960)
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of the New Territories whereas alluvium has a limited
location near Deep Bay.
After the Miocene period, Hong Kong has not been
subject to any further major orogenic movements since
that time, although submergence and subsequent emergence
'have continued until the present day.
II. Geology of Ma On_ Shan and the Iron Mine
MS (Ma On Shan Granite), RBs (Repulse Bay Formation:
sedimentary rocks and water-laid volcaniclastic rocks) and
RBp (Repulse Bay Formation: dominantly pyroclastic rocks
with some lavas) are the main components of Ma On Shan
(Fig. 2.6). The ore body occurs at the contact of the
Ma On Shan Granite and RBs from about 110 m to 290 m
above sea level (Fig. 2.8). A dyke of feldspar porphyry
intrudes both the granite and the ore. Beds of calcite,
dolomite and quartzite are found in the area of the mine.
The Ma On Shan Granite is essentially a fine-grained
porphyritic granite and the rocks are grey or mauve. This
granite has been responsible for the formation of a
deposit of magnetite by metasomatic introduction of iron
oxide into dolomitic limestone (Davis, 1961). A
simplified geological map and workings of the Iron Mine
is illustrated in Fig. 2.7 (Shibata, 1961).
The deposit is broadly divided into a central
lenticular mass of magnetite and a surrounding skarn
(Lai, 1959).
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Key to Fig. 2.6
Alluvium Undifferentiated
B Colluvial Boulder Deposit
R Reclaimed Land
Repulse Bay Formation
RB Undifferentiated Volcanic Rocks
RBs Sedimentary Rocks and Water-laid Volcanic Rocks
RBv Acid Lavas
RBvb Mainly Banded Acid Lava, Some Welded Tufts
RBp Dominantly Pyroclastic Rocks with Some Lavas
MS Ma On Shan Granite
CC Cheung Chau Granite
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Fig. 2.8 Longitudinal sections of the Iron Mine
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A. Magnetite:.
The ore is magnetite (Fe304: in nature which
intermixes with hematite (Fe203' . Magnetite may occur
in bodies ranging from minute isolated crystals up to
pure masses of many metric tons. Pure form of magnetite
is black, rather soft and granular with the iron
content varying from 15% to 60%. A number of wolfram-
bearing veinlets are scattered around in the locality.
B. Skarn*:
A calc-silicate-hornfels rock is characteristic
of both the hanging wall and footwall of the main iron
mine. The skarn carries diminishing amounts of magnetite,
hematite and other iron minerals. However
there is no definite boundary between the skarn and
the magnetite. Large garnets, pyrite, chalcopyrite, and
galena are also present in minor quantities.
*Skarn: It is a Swedish term for rocks of varying
composition mostly consisting of lime, magnesi,
iron and alumina silicates of the pyroxene,
amphibole and garnet groups chlorite,
biotite and talc as secondary minerals.
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2.4 The topographic changes of the mining areas
The original information of the mine topography were
lost during-the Second World War. Basing on aerial'
photographs, mining maps with spot heights and the
descriptions of old miners, a topographical map of the
mining area (Fig. 2.9) was reconstructed by C.Y. Lai,
Department of Geography, University of Hong Kong (Lai,
1959). Before any mining activities began, two streams
came down from*Ma On Shan, united and finally joined the
Tai Hang River. The outcrop of magnetite occurs near
this confluence.
From 1906 to 1953, the open-cast mining gave rise to
a lot of topographical changes in the mining areas. Over-
burdens on the ore body was stripped and eight benches were
cut along the hillside (Figs. 2.8 2.10). Every bench
was about five to ten m in width, with a vertical interval
of seven m between each other. The ore was graded by hand
picking. Rocks with iron content below 45% were transported
by side-dumping mine cars to dump pits, and later, to both
outer slopes of the mine. The waste rocks formed fan shape
dumps with slope angles varying from 30° to 65° (Fig. 2.11).
As a consequence of extensive excavation, landslides
and land subsidence occured frequently. In 1957 a heavy
rainfall triggered a large scale landslide and covered up
the 240-m level entrance. In 1953, the 280-m level entrance
1N























Fig. 2.10 The topographic map of the Iron Mine in 1953.
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Fig. 2.11 Map showing fan shape dumps (d) at the mining area
of Ma On Shan Iron Mine in 1963. (A: the southern
dumps and B: the northern dumps).
D
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was blocked again. by landslide and a new entrance was
opened at 294-m level. Owing to the heavy rains in June,
1959, landslides occured evenywhere in the mine, covering
up the 240-m level entrance with about two-metre thick
rock, debris and changing the topography of the mine completely
(Fig. 2.12).
The small scale landslides occurred almost annually,
but underground mining decreased the frequency of landsliding.
However, from 1966 till now, a large scale landslide is
occurring continuously in a slow pace on the north eastern
grassy slope of the mine. (Figs . 2.3 2.13).
2.5 .Deposition and excavation of the iron ore tailings
After the adoption of wet magnetic separation method in
1954, iron ore tailings have been dumped to the seafront 100 m
away from the dressing plant.
According to the time and locations of dumping, the
tailings can be divided into three zones, Zone I, Zone II
Zone III. Zone I is the oldest deposition of the waste
materials which is next to the village near the pier . A
containment dam was built to minimize the effect of iron
ore tailing contamination of the seawater (Fig. 2.14).
No fresh materials have been dumped here since 1964. A
second stage of tailing deposition is at Zone II which
is far away from the village. No dam was constructed
N1000 50 m
Fig. 2.12 The topographic map of the Iron Mine in 1959 (Compare with Fig. 2.10)
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Fig. 2.13 Extensive landslides are occurring on the
north-eastern grassy slope (left hand side)
of the Iron Mine.
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Fig. 2.14 An aerial photograph showing a containment dam which confined the deposition
of the Iron Ore Tailings in 1963.
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at the second and the latter stage of the tailing deposition.
Zone III is the latest deposited,.material between Zone I and
Zone II. The deposit, up to about 10 m in height, was
originally, conical fan shape but it was gradually levelled
by the weather and spilt over the dam (Fig. 2.15). The
areas of Zone. I, II and III are 7.64, 2.31 and 4.87 ha
respectively.
The excavation of iron ore tailings for construction
purposes began just after the mine had ceased to operate in
1976. The removal of waste materials may be up ' to a depth
of 10 m. In 1977, all vegetation .in Zone I and III , were .
cleared except- those plant species growing near the tidal
zone and lining up the boundary of the deposit material
next to the hillside. The sole stream, Blue Snake stream,
on the tailing was totally eliminated and a flat bare
ground was resulted (Fig. 2.16). Continuous excavation
of the tailings wasconducted under sea level without
breaking the dam. The destruction of the dam started
in February, 1978 and many areas became waterlogged even
at low tides (Figs. 2.17 and 2.18a b).
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Fig. 2.15 The locations of Zone I, II and III at the Iron Ore Tailings. Arrows
indicate the areas of tailings which run over the dam in 1973.
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Fig. 2.16 The appearance of excavated Iron Ore Tailings in
1978. The arrow indicates a patch of Paspalum
distichum which suffers from drought and high
temperature.
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Fig. 2.17 An aerial photograph of the tailings upon excavation and the dam has been




Fig. 2.18 A panorama view of the Iron Ore Tailings





Heavy metal contamination of soils at the mine
site and the iron ore tailings
3.1 General descriptions of soils in Hong Kong and Ma On Shan
The original tropical rain forest soil before the past
1000 years of Hong Kong was left without any trace instead
of which a thin layer of soils that belonged to various soil
groups covered most of the areas. The soil of Hong Kong
has been referred to as lateritic (Davis, 1952 Tregar,
1958) in early publications but six major soil, groups are
reported in a later study: Red-Yellow Podsol,' Krasnosem,
Lateritic Krasnosem, Paddy Soil, Solonchak and Lithosol
the first two groups are of wide distributions (Fig. 3.1)
(Grant, 1960). Granites and volcanic rocks are two
principal rock types in Hong Kong (Allen and Stephens ,1971).
Upon weathering, the granitic rocks contribute to a Red-
Yellow Podsolic soil at all altitudes but the volcanic
rocks develops Krasnosem below 300 m and Red-Yellow Podsol
at higher altitudes.
Krasnosem is the most widespread soil group which is
characterized by the lack of profile development. There
is a thin humus-deficient A horizon, on a very deep friable
clay or clay loam (B) C horizon which extends to more than
12 m of depth. The soil structure is granular, angular
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and blocky. In positions of imperfect drainage there is
a strong tendecy for silting up and the formation of a
badly aerated soil structure. Krasnosem locates mainly
at the areas of the eastern and northern New Territories
and the western part of. the Lantau Island.
Red-Yellow Podsolic soil is a group of well developed
acid soils having thin organic A0 and organo-mineral Al
horizons, over a light coloured bleached A2 horizon. The
A horizon is over a red or yellowish, more clayey B horizon.
Parent materials are all more or less siliceous. Coarse
reticulate streaks or mottles of red, yellow, brown or
light gray are characteristics of deeper horizons where
parent materials are thick (Grant, 1960). Aand A0 l
horizons may be washed off and expose the B1 and B2
horizons to severe drought.
Large polygonal crackings and root channels develop
a prismatic structure and the prismatic blocks may be
displaced exposing the subsoil to gully erosion. Red-
Yellow Podsol locates at the areas of Kowloon, the south-
western part of the New Territories and the central and
eastern part of the Lantau Island.
The soils on Ma On Shan are mainly Red-Yellow
Podsolic soils. Two similar soil profiles usually found
on Ma On Shan are listed below.
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I. Soil Profile Description 1: (Figs. 3.2 3.3)
Location: Above 250 m level at Ma On Shan
Slope: 100 - 15°
Drainage of profile: Freely drained
Vegetation: Baeckea frutescens, Gahnia tristis, Dicranopteris
linearis, Raphiolepis indica and Diospyros
vaccinioides.
0.5 -0 cm A thin leaf litter layer of Gahnia tristis
0 - 2.0 cm 10.0 YR 8/2* (pale grey) no humus with
little decomposing litter abundant quartz
angular grains friable stone absents
merging boundary
2.0 - 12.0 cm 10.0 YR 5/4 (light brown) small subangular
blocks numerous fibrous roots friable
many quartz grains no stones merging
boundary.
12.0 - 42.0 cm 10.0 YR 4/4 (brow,n) fine roots almost
absent with some main root channels
weak small subangular blocks, stone
absent compact.
42 can + 7.5 YR 6/10 (Yellow) fine roots absent
some main roots present compact with
faint signs of pale brown mottles.
'The colours are being given according to Munsell's system (1948).
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Fig. 3.2 A soil profile of the Ma On Shan podzolic








Fig. 3.4 Soil profile description 2Fig. 3.3 Soil profile description 1
Red-Yellow Podsolic soil onRed-Yellow Posdolic soil on
Ma On Shan.Ma On Shan.
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II . Soil profile description 2: (Fig. 3.4)
Location: Below 250 m at.Ma On Shan
Slope:' 0-10°
Drainage of profile: Freely drained
Vegetation: Neyraudia arundinacea, Aster spp., and some
mosses.
2.5 - 1.0 cm Abundant fresh litter of Neyraudia
arubdinacea.
1.0 - 0 cm Decomposing litter, dark brown, scattered
moss patches, sharp boundary.
0 - 10.0 cm 10.0 YR 6/2 (greyish brown) abundant fine
roots friable quartz grains almost
absent merging boundary.
10.0 -- 40.0 cm 7.5 YR 6/8 (yellowish brown) less fine
roots main roots present weak subangular
blocks moderate compact with plentiful
rusty mottles sharp boundary.
40.0 cm + 2.5 Y 4/4 (dark. brown) fine roots absent
compact a few decomposed granite stones
rusty mottling throughout.
Besides the Red-Yellow Podzolic soils, small patches
of Lithosol and Colluvial boulder deposits (paddy soil) are
also found on Ma On Shan. Lithosol is essentially gritty,
stony or gravelly soils without any profile development.
It contains a thin cover of fragmented, incompletely
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weathered rocks, no humus horizon and no eluvial and
illuvial horizons. The colluvial boulder deposits are
limited to areas around tributaries of Tai Hang River.
These colluvial deposits- are mainly composed of boulders
as its name suggests.
3.2 Heavy metal contamination of soils at the iron mine and the
iron ore tailings
I. Introduction
The natural heavy metal contamination of soil and
vegetation are rare but it occurred at least in Norway,
Sweden, Wales, Scotland and Canada (Loag and B$lviken,
1969 Scott, 1976 Rsholt, 1977). Different metal
poisonings including zinc, nickel, lead, copper, cadmium
and uranium were observed as areas of barren soil,
stunted plant growth or abnormal plant communities
(B$lviken and Loag, 1977). However, elevated levels
of heavy metal in soil, water, and vegetation have
long been observed on industrialized and mining areas.
Extensive work has been carried out to investigate
pollution of the environment by heavy metals and the
impact of mining has drawn the public concern in the
last two decades because of its direct or indirect
hazardous influences on human lives.
The metal contents of the contaminated mining
areas are exceptionally high. For example, the
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concentration of antimony (Sb) were reported ranging
from 1000 - 4000 ppm in Rhodesian mining dumps (Wild
and Wiltshire, 1971). A level of 1980 ppm arsenic,
1180 ppm copper and 2130 ppm nickel were recorded in
a gold-, copper- and nickel-mining wastes- in Rhodesia
(Hill, 1977). As high as 42400 ppm lead and 34000 ppm
zinc were found in mine-spoils at Minera, U.K. (Johnson
et al., 1977). Concentrations of 30 - 5750 ppm copper,
6400 - 76000 ppm lead and 113000 - 127000 ppm zinc
were observed at Clwyd, North Wales (Johnson and
Bradshaw, 1977). With a concentration up to 26000 ppm
zinc, 800Q ppm lead, 1000 ppm copper and 395000 ppm
sulphur were noted at the Captain Flat Mining Area in
Canberra, Australia (Craze, 1977). The extremely
high concentrations of 37500 ppm iron and 29700 ppm
aluminium were known on acid coal mine spoils of
Eastern Kentucky, USA (Massey and Branhisel, 1971).
Mines of Southeast England contained as high as
26530 ppm arsenic, 160200 ppm iron and 2700 ppm copper
(Porter and Peterson, 1977). A silver mine and
treatment plant at Maratoto, New Zealand contained
as much as ten fold silver higher than the background
(Ward et al, 1977). The contamination of water as a
result of soil contamination has been documented
especially acid mine drainages (Hoelm. and Sizemore,
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1977 Rogowski et al., 1977 Vivian and Massie, 1977
Coutant. et al,, 1978 Foster et al,, 1978).
Extensive studies have been made concerning the
dispersal and deposition of airborne metals around
smelters near mining areas. In close proximity to
the source, accumulation of aerially-deposited metals
in surface soil and on vegetation were found and the
concentrations of metals decreased exponentially
along the distance downwind from the origin (Johnson
et al 1978). Concentrations of up to 5104 ppm
nickel and 2892 ppm copper were found within 1.1 Km
of a nickel-copper ,smelter at Sudbury, Ontario, Canada
(Hutchinson and Whitby, 1974). A zinc smelter in
Pennsylvania contained 80000 pprn zinc, 1500 , ppm
cadmium, 1200 ppm copper and 1100 ppm lead in the
A 1 soil horizon (Buchaner, 1973). Levels up to
9000 ppm zinc and copper were found in the slag
tips of • a copper and zinc smelting complex of the
Lower Swansea Valley, U.K. (Gadgil, 1969). Within
5 Km of the copper smelter near Tocoma, Washington,
380. ppm arsenic, 200 ppm antimony and 540 ppm lead
have been measured in the surface soil (Crecelius
et al., 1974). Depositions of 30.7 copper, 8.4 zinc,
4.7 lead, 0.18 cadmium, 42.6 iron and 1.5 manganese
Kg/ha were recorded in Wollongong, Australia
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(Beavington, 1977). The deposition of airborne mercury
levels between 1000 - 15000 ng/g, was obtained within
close proximity to an chlor-alkali plant in Sweden
(Wallin, 1976). The contaminations of lead, zinc,
manganese, copper and cadmium were found around smelters
throughout the world (Gresta and Godzik, 1969 Keriri,
1971 Djuric et al,, 1973). 'therefore, the metal
contamination is one of the universal, still unsolved
problems in industrialized countries.
Many natural habitats of Hong Kong have given
way to the activities of urbanization and industrialization
(Wong, 197/4). The effect of iron ore tailings related
to the coastal environment was first reported in 1976
(Wong and Chan, 1976). The heavy metal contamination,
of soil and vegetation (Wong and Tam, 1977) was also
reported. Although a number of studies have been
made on the iron ore tailings of Ma On Shan, there
is no information related to the metal contamination
of soil and vegetation on the abandoned mining areas.
Owing to the recent excavation of the iron ore tailings
in 1976, the exposure of the relatively unweathered
tailings may alter their original physical and chemical
properties. In additon, the waterlogged areas on the
tailings resulted from excavation may be similar to other
flooded soils which are of wide ecological importance
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(Martin, 1968). An investigation of the metal
contamination of the mining areas as well as the
newly exposed tailings after excavations is carried.
out in this chapter in order to obtain more information
on the influences of mining activities.
Ten sites were chosen in the present investigation
(Fig. 3.5) and their characteristics are listed below.
Site 1: Undisturbed area at the altitude of 350 m,
5 m away from the only road which supports
the heavy traffic, of mine trucks. Soil is
light yellowish brown, 7.5 YR 7/2 (moist:
• yellowish brown, 7.5 YR 6.6), with a
moderate plant cover and little decomposing
plant litters.
Site 2: Undisturbed area at the altitude of 200 m,
70 m away from the main road. Soil is
pinkish brown, 7.5 YR 8/4 (moist: pale
brown, 7.5 YR 6/4), with a moderate plant
cover and abundant plant litters.
Site 3: Small waste rock dumps deposited from
open-cast mining 5.5 km north west of the
mine at the altitude of 230 m, composed of
mainly gravels from 0.5 - 20 cm in diameter,
with a stony surface. The soil is pale dark
brown 7.5 YR 5/4 (moist: yellowish brown,
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Legends for the site numbers at the iron ore mine, ' the iron
ore tailings and the background soils.
Site 1 The background soil, 5 m away from the road to the mine
Site 2 The background soil, 70 m away from the road to the mine
Site 3 The dump soil of isolated dumps 5.5 km away from the mine
Site 4 The dump soil on the surface of the largest southern dump
Site 5 The dump soil on the slope.of the second uppermost southern
dump
Site 6 The soil, 10 m away from the dressing plant
Site 7 The soil contaminated largely with concentrated iron ore
stockpiles.
Site 8 The waterlogged tailings
Site 9 The unexcavated tailings

















Fig. 3.5 The locations of ten study sites (1-10) at MavOn Shan, showing the summit (MOS
, the mine (M),
the Ma On Shan Tseun (M.0.S.T.), Tai Hang River (T.H.), the-dressing plant and the only
mine road
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7.5 YR 5/6), with abundant Desmodium
and short grass species significant
litter accumulation.
Site 4: The largest terrace of the southern waste
rock dumps of the mine with stony surface,
abundant Neyraudia arundinacea and other
taller grasses. Considerable bare. ground .
is up to.45%. Soil is pale brown, 5.0 YR
6/4 (moist: dark brown, 7.5 YR 4/41
Site 5: The second uppermost slopes of the southern
dumps. Boulder size up to 45 cm with an
average about 20 cm. No higher plants
but numerous lichens and very limited
mosses. No litter. Patches of soil
located between cracks of weathered rocks
or levelled surfaces of small rocks.
The soil is pale brown, 75 YR 5.5/4
(moist: dark brown 7.5 YR 4/2),
Site 6: Undisturbed area 10 m away from the dressing
plant. Soil is pale yellowish brown, 10.0
YR 8/2 (moist: 10.0 YR 6/4) with abundant
plant cover and little plant litters.
Site 7: Areas of up to 1.5 m in thickness contaminated
with concentrated iron ore stock-piles,
30 m away from the dressing plant. The
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contaminant is moderate black 3/
(moist: dark black 1/ ). Sparse plant
cover with an average bare ground over
.95%. No plant litter. Bulk density is
2.24.
Site 8: Waterlogged tailings resulted from
excavation. It is greyish brown, 2.5 Y
7/2 (moist: grey, 7.5 Y 4/2), with a
uniform, clay-like, fine materials on
the surface and moderate amounts of
litter and vegetation cover.
Site 9: A small area of tailings which remained
unexcavated. Its colour is grey, 5/
(moist: dark grey, 2/ ), with sparse
vegetation cover and the average bare
ground is about 85%. It is designated
as 'unexcavated tailings' -in the text.
Site 10: Barren tailings left on the original Zone
III area after excavation. No vegetation.
Its colour is grey 6/ (moist: dark grey
3/ ) and is darker than the unexcavated,
weathered tailings. It is designated as
'excavated tailings' in the text .
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II. Materials and Methods
A. Physical Properties and Chemical Properties
Soil samples were obtained from Site 1 to Site
10 at a depth of 0 - 20 cm. Five replicates, each
comprised. of five or more sub-samples were sampled
at each site. They were then air-dried at room
temperature (about 25°C) for 7 days and passed
through a 2 mm mesh sieve prior. Lto the analyses.
All data were expressed on an oven-dried-weight
basis.
i) Physical properties
(1) Moisture: Soil samples were collected in
plastic bottles and sealed with paraf ilm
immediately of ter sampling. The field soil
moisture and air-dried soil moisture were
determined by placing the samples in an oven
°
at 105C and dried to constant weights.
(2) Texture: The particle fractionation or
mechanical analysis of the air-dried,
sieved soil was tested by the hydrometer
method (Bouyoucos, 1951).
(3) pH: pH was measured in a 1:2.5 soil and
water mixture with a pH meter.
(4) Conductivity: The conductivity was measured
in a 1:5 soil and water suspension with a
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conductivity meter.
(5). Bulk density: The bulk density was determined
from irregular soil blocks or soil cores
obtained from a stainless steel core measuring
6 cm (dia.) x 8 cm using the method described
by Allen et al., (1974).
(6) Saturation capacity: 25 g of soil sample was
saturated with distilled water and the
weight of water was determined by placing
the saturated soil into a 1050C oven using
the method described by Dewish and Freitas
(1970).
(7) Loss on ignition: The weight differences were
recorded after heating the soils at 4500C
for 4 hours in a muffle furnace.
ii) Chemical properties
The following items were determined by well-
established methods: total organic carbon (Walkley
and Black, 1934) water soluble phosphorus (Watanabe
and Olsen, 1962) total nitrogen (semi-micro
Kj elda.hl method Bremner, 1960) and total cation
exchange capacity (Hesse, 1971). The detail
procedures are listed in Appendix I. Individual
exchangeable cations were extracted with 1 M
ammonium acetate (pH 7), in a 1:25 dilution,
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on a ,rotary shaker at a speed of 200 c.p.m.
for 2 hours. The-filtrates which passed
through Whatman no. 42 filter paper were stored
in 250 ml polyethylene bottles rinsed by 1 + 1
HNO3. All samples were stored in a cold room
at 4°C before metal analyses. The total metal
contents were obtained by digesting the soils
.with 15 nil acid mixture (HN03: HC104: HZSO4=
10: 4: 1) in a 200 ml Kjeldahl flask on a
electric digestion rack until a residue of
silica remained (Scott and-Thomas, 1977).
Kjeldahl flasks were fitted with 50 mm glass
funnels to act as ref lux condensers. The
digest was filtered, diluted to 50 ml and
stored as described above. The concentrations
of sodium, potassium, magnesium, calcium, iron,
manganese, copper, zinc. and lead were
determined by an atomic absorption spectrophotometer
(Shandon Southern, Model: A 3600).
B. Statistical analyses
Differences between samples were evaluated by
the Student's t-test (assumed equal unknown variances).
Linear regression was used to estimate the linear
relationships between sample pairs which showed more
or less obvious non-normal distribution (Bailey, 1.965).
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III. Results
- A. Physical and Chemical Properties
The physical parameters of the soil samples
are listed in Table 3.1 and the exchangeable and
total content of individual cations in Table 3.2.
A key for site numbers is listed in Fig. 3.5.
i) pH values
The . background soil of Ma On Shan was
acidic, with pH values about 4.49 which is
common on the surface of red-yellow podsolic
soils (Fitzpatrick, 1974) and is normal for
the soil in Hong Kong. The pH of background
soil was significantly lower than the waste
rock dumps at Site 3 (pH 6.89, p0.001),
Site 4 (pH 5.0, p0.01) and Site 6 (pH 5.22,
p--,0.001). The pH of the excavated and
unexcavated tailings (pH 7.94 and 8.22) were
more or less alkaline but the waterlogged
tailings contained significantly lower pH
values of 7.66 (P<0.001).
ii) Conductivity:
The values of the background soil and
the dump soil were rather low with levels
around 30 iS/cm but the tailings contained
very high values, ranging from 160. - 3450 pS/cm.
57
Table 3.1 The edaphic properties of the soil and the tailings at different sites of Ma On Shan.
n+ 1 2 3 5 6 7 8 9 10
10.28.427.28.08.6 14.78.0 14.5 12.813.63moisture (%)
1.51.36.61.63.33.03.44.8 3.84.73air dried moisture (%)
6.895 8.22 7.947.664.82 5.22 6.825.004.46 4.52pH
3450.0 162.0 332.45 33.1 33.2 49.5 31.2 138.0 34.9 76.4Conductivity (uS/cm)
38.8 88.492.867.8 62.8 90.452.8 48.8 58.8 70.8Texture:sand (%)
6.21.437.03.419.2 18.22 20.0 13.4 21.2 19.0silt (%)
24.2 5.8 5.46.213.0 19.027.2 37.8 20.0 10.2Clay (%)
2.02.4 1.2 1.82 1.4 1.41.4 NT NTNTBulk density (g/cm3)
2.65.8 5.73 3.1 1.8 0.3 0.43.6 0.54.1Loss on ignition (%)
Total organic carbon*(%) 4 0.96 0.60 0.28 0.75 0.18 0.5 0.09 0.07 0.070.79
Water soluble phos-
4 0.33 0.47 0.64 0.48 0.83 0.66 0.58 0.90phorus (ppm) 0.410.84
4 0.43 0.39 0.33 0.36Total N (%) 0.24 0.51 0.09 0.140.21 0.08
68.0 72.3 44.1 52.3Saturation capacity(%) 3 37.3 63.2 21.8 23.956.5 20.0
TCEC**(m.e./lOOg soil) 4 9.56 6.48 12.94 14.32 12.98 14.96 10.68 27.04 13.68 18.09
n is the number of replicates
The convertion fast for the change of organic carbon into total organic carbon is 1.33.
TCEC means total cation exchange capacity.
NT means not tested.
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The excavated tailings (332.4 FS/cm) and
the 'waterlogged tailings (3450 iS/cm) were
about two folds and 21 folds respectively
higher than the value of the unexcavated
tailings (162.0 pS/cm). ' The waterlogged
tailings contained a value 104 times higher
than the background soil. Conductivity
indicates-the relative amount of soluble
salts. Due to the excavation of the tailings,
the rather unweathered iron ore tailings with
high soluble salt contents was exposed to
the surface.
iii) Total organic carbon:
In general, total organic carbon percentages CDP
were low in the soils of Ma On Shan, ranging
from 0.60 - 0.96%. The values of dump soils
at Site 3 (0.28%, P-0.001) and Site 5 (0.18%,
P0.001) were significantly lower than that
of the background soils. The tailings contained
extraordinary low levels of about 0.07% total
organic carbon, but the waterlogged tailings
contained as much as ten times higher organic




According, to the results of mechanical.
analyses, the dump soils and the background soils
were classified as sandy clay loam, sandy loam
or sandy clay (Fig. 3.6). However, the tailings
usually comprised of about 90% or more sand
except the waterlogged tailings. The waterlogged
tailings contained a high portion of silt and
clay particles which was classified as loam.
v) Bulk density:
Site 7 where the soil was contaminated
largely from the concentrated iron ore tailing
stockpiles, had the highest bulk density of
2.44 g/cm3. The unexcavated, excavated and
waterlogged tailings had values of 1.98,
1.82 and 1.19 g/cm3 respectively. The
background soils showed an average value of
1.4 g/cm3. Because of the stoniness nature
of the waste rock dumps, their bulk density
were not tested.
vi) Saturation capacity:
The saturation capacity is expressed
as the weight of water held by 100 g oven dry
soil at saturation (Dewis and Freitas, 1970).















100 % silt100% sand
Fig. 3.6 The classification of soil texture at 10 different sites
of Ma On Shan.
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the background soils and the soils around
the dressing plant at Site 6 were high, with
the average of about 70%. The dumps contained
a lower saturation capacity of about 40 - 50%.
The excavated and unexcavated tailings showed
extremely low values of about 20% but the
waterlogged tailings had values exceeding
56% which was due to its ability to hold water.
vii) Water soluble phosphorus:
The background soils and the excavated
tailings contained a moderately low level of
water soluble phosphorus, with values ranging
from 0.33 to 0.47 ppm and the waste rock dumps
had values ranging from 0.48 to 0.83 ppm. The
unexcavated and waterlogged tailings. contained
more soluble phosphorus than the background
.soils, with levels of 0.84 - 0.90 ppa
viii) Total nitrogen:
The excavated tailings possessed the least
amount of nitrogen (0.08%) and the highest
nitrogen content was found around the soil of
the dressing plant at Site 6 with a value of
0.51%. The background soils contained values
of about 0.40%. The dumps, especially the
bare areas, contained 0.24 - 0.36% total
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nitrogen which were lower than the background.
ix) Total cation exchangeable capacity (TCEC) :
The waterlogged tailings at Site 8 contained
the highest value of TCEC. Its value of 27.04 m. e. /
100 g soil was about 3 times of the value of
background soils (8.00 m. e. /100 g soil). The
second highest value was obtained from the
excavated tailings at Site 10 (18.09 m. e. / 100 g
soil). The TCEC of waterlogged tailings was
significantly higher than the unexcavated
tailings (TCEC = 13.68 m.e./100 g soil,
P<0.001) and the excavated tailings (P<0.001).
The dump soils had value of 13.00 m.e./100 g soil,
which was about 1.5 times of the background soils.
On the other hand, the background soil at Site 1
(TCEC = 9.56 m. e. /100 g soil) near the main
road had 50% higher TCEC value than the back-
ground soil at Site 2 (TCEC = 6.48 m.e./100 g soil).
B. Exchangeable and Total Amount of Individual Cations
The tailings showed larger amounts of exchangeable
and total cations than the dumps and the background
soils (Table 3.2). The waterlogged tailings at
Site 8 contained a significantly higher exchangeable
Na, K, Ca, Mg and Mn than the unexcavated tailings
(P<O.001) and the excavated tailings (P<0.001).
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Table 3.2 The exchangeable ana total content of cations in soils and tailings at different sites of Ma On Shan.
Sodium a 8.1 2.84.9 12.5 14.0 28 .87.0 3611.3 190.8 113.5
0.3 1 .0 76.5 4.90.4 2.10.1 3.90.3 0.3
208.4 78.1 46.6 585.4b 61.3 4,229.4 598.6 074.3708.4 342.3
28.2 14.3 71.7 210.511.1 22 .0 64.59.9 13.03.3
Potassium 24.535.4 46.9 42.235.9 54.7 55.4 22 .5 57.1367.0
0.5 1 .0 10.2 1.00.9 1.20.9 0.8 1.09.4
224.2b 1004.6 358.72700.6 4946.5 3103.01678.6 5514.3 2018.28586.0
-266.5198.8 216.6 79 .7 42.767.0 247.2 77.783.3 87.2
Calcium a 78.5 433.3 490.536.5 43.0 10.0 133.0 906.5116 106.5
12 .1 4.02.3 2.7 5.5 6.01.9 45.3 8.3 1.2
25.7 886.642.2 545.5 405.4b 45.0 130.5727.7 9327.7146.8
-137.2 -459.12.6 258.32.05.2 181 .6 12.1 1.4 36.1
447.5Magnesium 58.7 53 .4135.0 220.0 163.5 136.0 150.0 105.537.6
2.40.7 1.5 67.1 10.8 5.10.8 1.9 0.9 9.3
28756.4b 10325.974.7 594.2 747.1 171.4 5624.9 7116.2137.8 1381.8
-349.8823 .86.2 1.8 371.4158.2 8.1 716.536.3 95.0
25.6475.10 41.10Manganese 3.40 1.16 4.75 1.80 1.44 7.507.20
0.9 0.90.4 0.90 .2 U.9 0.2 0.4 0.2 0.2
4926 .0 2123.8b 58.5 310.0 1540.1 1959.3191.9 1216.4 1412.7936.8 11.6
-125.1 51.822.9 231.8 38.511.6 52.63.8 112.2 132.8
2.20 7.80 6.67a 0.40 1.60Iron 0.80 1.60 3.303.50 1.40
0.3 0.3 0.30.2 0.2 0.4 0.40.3 0.3 0.3
2908.8850.4 19954.6b 9812.3 17469.95278.8 71240.2 9689.98180.3 8328.3
1284.9367.2 1584.6 1112.0 7114.3 7 51.0426.3 428.71753.3 300.7
5.50Zinc a 2.00 2.90 10.100.60 0.70 1.30 1.50 5.50 5.56
0.2 0.2 0.20.0 0.1 0.10.4 0.2 0.1 0.2
246.5 261.427.4b 18.2 227.711.8 87.7 355.0200.4 337.3
11.72.9 15.32.5 9.918.612.1 1.15.0 17.2
2.693.13 0.73Lead a 2.50 2.601.90 0.90 8.20 0.733.80
0.3 0.6 1.22.00.2 0.20.4 0.7 0.30.7
143.5265.8270.9 86.9b 73.6 37. 5 103.993.9 116.5 114.1
2.614.7 10.84.4 27.2 45.15.8 10.5 13.4 7.5
1.85 1.05Copper a 3.330 0 1.05 1.05 1.05 0 1.0
20.8 12.6 53.5b 1.81 5.74.94 48.3 115.0 6.213.2
2.6 0.3 4.92.00.9 0.8 2.9 0.33.4 10.4
a = exchangeable cation content b = total cation content
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The excavated tailings had higher exchangeable
Ca, Mn and Pb content than the unexcavated tailings
but the contents of exchangeable K, Na, Mg, Fe,
Zn and Cu-were lower than the latter. The dump,
soils at Site 3,-Site 4 and the soil near the .
dressing plant at Site 6 had similar cation
contents but the bare rock dump at Site 5 contained
less cation contents except Mn. The background
soil of Site 1 near the mine road which supports
heavy traffic for ore transportation, contained
higher total amounts of K, Na, Mn, Fe, Zn and Pb
than, the background soils of Site 2 which was
far away from the-:road. The area near the dressing
plant at Site. 4 contained the highest amount of
total cations with the magnitudes of contaminations,
e.g. K: 1.4, Na: 7.5, Ca: 12.0, Mg: 24.9, Mn: 32.9,
Zn: 30.1, Pb: 7.1 and Cu: 1.2 fold higher than the
uncontaminated background soils.
The Ca/Mg and K/Mg ratios are shown in Table 3.3.
The overall exchangeable Ca/Mg and K/Mg ratios were
low except Site 8, 9 and 10 which contained very
high ratios of Ca/Mg. High total K/Mg ratios were
found at various sites but not in the tailings.
Site 5 and Site 7 had extraordinary low Ca/Mg ratios.
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Table 3.3 The ratio of exchangeable and total Ca/Mb and K/Mg in
various samples of soils and tailings.
Exchange
Total
Ca/Mg I K/Mg K/Mgsit K ppml Mg ppm Ca/Mg ICa ppm K ppm Mg ppm Ca ppm
0.60 42.2 1678.6 74.7 0.5758.7 0.6236.5 35.41 122.47
137.8 0.330. 27 1004.6 7.292 43.0 35.9 135 10.32 45.0
1.650.25 727.7 5574.3 3381.8 0.2254.7 2203 1116 10.53
146.8 4224.2 594.2 0.25 7.110.2946.9 163.54 1106.5 10.65
25.7 8586.01 1747.1 0.02 4.910.6524.5 37.65 10.0 10.27
130.5 2700.6 171.4 0.76 15.7655.4 1366 0.831113 1.0.41
0.0531 0.13222.5 534 545.5 1358.77 78.5 10.15 0.04
447.5 2.03 0.82 4946.5 5624.9 0.335 0.8798 367906.5 1886.4
2405.4 2018.2 7116.2 0.338 0.28457.1 1509 12.89 10.381433.3




The percentages of exchangeability of different
cations are shown in Table 3.4. In general,
macronutrients showed higher exchangeable percentages
whereas the trace elements were usually low in
exchangeability.. The exchangeable amounts of Ca
and Mg of the background soils (Site 1 and 2) and
the soil of the dressing plant at Site 6 were high.
They all had percentages over 78% but their absolute
amounts were low. Although with a high total Mg
and Ca content on the tailings and the dumps, they
showed rather poor percentages of exchangeability.
The waterlogged tailings at Site 8 had the highest
exchangeability of Na, Mn, Ca and Mg as well as
their total quantities among the tailings. The
exchangeability of lead was low at all sites
except the. dumps.
Table 3.5 shows the correlation coefficients
between exchangeable and the total contents of
cations at various sites. There were extremely
high positive correlations of exchangeable Na,
Ca, Mn, Zn and Pb to their total. cations in the
waterlogged tailings. From the analyses of linear
regression, the relations of exchangeable and total
ion content were derived:-
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Table 3.4 Percentage of exchangeability of various cations in
different sites.
site
0.82 14.98 4.93 85.39 31.88 10.571.76 22.846.25Na 3.88
2.050.29 1.66 2.81 1.361.110.98 7.412.1 3.57K
5.2686.49 95.56 15.94 72.55 38.91 86.59 14.39 48.07 18.01Ca
2.112.15 79.356.51 27.52 0.52 0.3778.58 97.97 7.96Mg
0.19 2.101.98 0.39 0.51 0.46 0.39 4.88 1.211.77Mn
2.230.88 0.65 5.47 1.553.31 1.65Zn 5.93 3.863.30
0.04 0.01 0.030.02 0.01 0.04 0.05 0.o10.01 0.02Fe
2.96 2.182.36 0.92 2.368.70 0.27 0.632.64 3.62Pb
0.39 0.92 0 17.540 0 0.15 8.89 26.43 0.43Cu
1 2 3 4 5 6 7 8 9 10
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Table 3.5 Correlation coefficients between the exchangeable content
and the total content of individual cations.
Excavated and
Waterlogged Tailings UnexcavatedDumpsBackground Soils



















( ) * Site numbers
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is the content of exchangeable cation andwhere
is its total content.
Correlations in the excavated or unexcavated
tailings were not significant and only the cations
of K, Ca and Pb showed a moderately high correlation
coefficient values of 0.79, 0.72 and - 0.84
respectively. The coefficients of background soils
and dumps were generally poor.
Tables 3.6, 3.7, 3.8 and 3.9 show the
correlation coefficients between the exchangeable
cation pairs of the background soil, the dumps, the
excavated and unexcavated tailings and the water-
logged tailings respectively. These coefficients
indicated the resulted interactions of exchangeable
ions in the soil solution.
Low negative correlation coefficients (r) were
found between exchangeable Na - Mg and Ca - Pb in
the background soil while the remaining values showed
poor correlations between exchangeable cation pairs
(Table 3.6).
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Table 3.6 Correlation coefficients for the exchangeable cation pairs














Higher positive correlations were noted
between Mg, Ca and K in the dump soils with their
correlation coefficients over 0.90 (Table 3.7).
The quantitive relationships between these three
elements are revealed by the analyses of linear
regression:-
where X is the exchangeable Mg content, Y is the
exchangeable K content and Z is the exchangeable
Ca content.
Higher interrelations between Mg - K, Mg -
Fe and Mg - Zn were obtained in the excavated and
unexcavated tailings with the correlation coefficients
of 0.96, 0.92 and 0.90 respectively (Table 3.8).
Their relationships are shown in the following
equations:
where W is the exchangeable Mg content, X is the
exchangeable K content, Y is the exchangeable Fe
content and Z is the exchangeable Zn content.
A low correlation coefficient of Mg - Zn was
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Table 3.7 Correlation coefficients for the exchangeable cation pairs













Table 3.8 Correlation coefficients for the exchangeable cations
of the excavated and unexcavated tailings.
Fe Zn Mn NaPb Mg Ca KCu
--0.73c-0.41 -0.66d0.84a0.82b 0.76a 0.-70c0.65cNa
-0.76a -0.74b0.73b0.27 0.84a 0.96a0.35K













observed in the waterlogged tailings (Table 3.9)
but the remaining coefficients were rather poor.
The linear relationship of exchangeable Mg - Zn
is shown below:-
where X is the exchangeable Mg content and Y is
the exchangeable Zn content.
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The disturbed areas,of the waste rock dumps and
the iron ore tailings showed different variations from
the background soils both in physical and chemical
properties.
A. The Waste Rock Dumps
The pH of the dump soils varied from acidic to
neutral (pH 4.82 - 6.89) and the uncontaminated soils
of Ma On Shan are acidic (pH 4.49). The presence
of large amounts of alkaline earth metals in the
dump soils and the hydroxide of these metals would
increase the pH of the soil. * Soil profiles were
lacked in the dumps which only consisted of little
soil substrates and mainly gravels or boulders
ranging from 0.5 - 50 cm. The average size of
rocks was different from dumps to dumps and
varied from depth to depth. The moisture contents
of the dump soils and the background soils were
comparable but the dumps had lower values of water
saturation capacity. The increase of the sand
percentage in the dump soils was responsible
for a lower capability to hold water.
Sparse vegetation was usually found on the
surface of the dump soils on which bare grounds
are common. The terraces of the waste rock dumps
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supported more vegetation covers than the rocky slopes.
As .a result of small plant cover, the percentage of
total organic carbon and the values of loss on ignition
were low in the dump soils as compared with the
control. Furthermore, there was a very low percentage
of total organic carbon (0.18%) on the slope of
the dumps at Site 5 as compared to Site 3 (0.28%)
and Site 4 (0.75%). Loss on ignition is usually a
rough indication of the amount of organic matter
.present in the soil. The low values of loss on
ignition coincided with the observation that there
was only a small amount of litter on the surface of
the dump soils. The low percentage of total nitrogen
was also resulted from the absence of abundant
litter because under natural conditions, most of
the organic soil nitrogen would be derived from
decomposing plant litter (Allen et al., 1974).
The inorganic water soluble phosphorus was higher
in the dump soils which was originated from the
parent materials of the iron ore and the chemical
nature of the ore was recorded in the previous
mining reports (Lai, 1959). The high values of
conductivity, total cation exchange capacity and
the contents of exchangeable cations indicated
that the dump soils contained comparatively higher
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soluble salt contents than the background soils.
Great differences existed between the total
amount of cations in the background soils and the
dump soils which contaminated from the low grade
ore materials. The magnesium limestone deposit
of the iron ore and other minerals such as pyrite,
feldspar, mica and clacite (Davis, 1964) accounted
for the high iron, manganese, calcium and magnesium
contents of the dump soils. The background soil
contained a high potassium content which might be
derived from weathered potassium-bearing minerals
such as feldspar and mica.
The ratio of exchangeable or total Ca/Mg
was moderate except a very low value of total Ca/Mg
at Site 5 (Ca/Mg 0.02). The ratio of Ca/Mg is
used as one of the criteria for soil fertility
because an extremely low ratio of Ca/Mg such as
0.0002 would inhibit plant growth on soils e.g.
serpentine soils (Moore and Zimmermann, 1.977
Proctor, 1971 Shewry and Peterson, 1975 Proctor
and Woodell, 1975). The low total ratio of Ca/Mg
at Site 5 would be unlikely to cause adverse effects
on plant growth due to the following reasons.
Firstly, the exchangeable Ca/Mg ratio was normal
in. the dump soils despite the total ratio of Ca/Mg
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was very low. Secondly, the exchangeability of
calcium was 38.91% which was 18.1 fold higher than
the exchangeability of magnesium in the dump soils
(Table 3.4). This high exchangeability of calcium,
in soil would release more soluble calcium from
the parent materials exceeding the rate of magnesium
so that a higher Ca/Mg ratio would be expected in
the future. Thirdly, the absolute amount of
exchangeable magnesium at Site 5 was far lower
than the ranges which injurious effects have been
reported (Wilkin, - 1957 Lyon and Carcis, 1944).
A high K/Mg ratio or high concentration of
potassium in soil could induce magnesium deficiency
(Boynton and Burrell, 1944 Hovland and Caldwell,
1960) and iron chlorosis (Walsh and Clarke, 1944).
It 'was found that the dump soil contained a higher
total K/Mg ratio but the exchangeable K/Mg was low.
The low exchangeable K/Mg ratio did not seem to
cause any harmful effects on plant growth. Furthermore,
the exchangeability of magnesium was higher than
that of potassium so that a high exchangeable K/Mg
would unlikely occur in the future.
Although the total amount of heavy metals
such as iron, manganese, zinc, lead and copper
was ` high, the exchangeability of these metals
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was usually very low. Two metals, lead and
manganese may= be of greater concern because their
exchangeable amounts were higher and are also more
toxic than other metals such as iron and zinc.
It was reported that 50 pM of 19 heavy metals would
inhibit the growth of most soil microorganisms
individually (Jordan and Lechevalier, 1975) and
disturbed the nitrogen cycle in soil by inhibiting
nitrogen mineralization and nitrification (Liang
and Tabatabai, 1977 1978).. However, - the
exchangeable amounts of iron, manganese, zinc,
coppex and lead did not exceed 50 pM in the dump
soils. Therefore, the influence of heavy metals
on the microorganisms of dump soils would require
.further-investigation.
There were close relationships among the
solubility of calcium, magnesium and potassium ions.
On. the other hand a slight antagonistic effect in
the availability of exchangeable ions was found
between Mn - K and Mn - Mg. These metal pairs
showed low negative correlation coefficients
(Table 3.6).
B. The Background Soil and the Soil near the Dressing Plant
The background soil of Ma On Shan was acidic (pH
4.49) which is common on the surface of red-yellow
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podsolic soils (Fitzpatrick, 1974) and.is normal
for the soil in Hong Kong. The soil profiles are
shown in Figs. 3.3 ..3..4 . Because of the decomposing
litter on the soil surface and a continuous leaching
of organic matter into deeper layers, the background
soils had high values of loss on ignition, total
organic carbon and total nitrogen. The high water
holding capacity was contributed by the.mod erately
high clay and silt portion of the sandy clay or
sandy clay loam texture. The bulky density revealed
that the background soil, was slightly compact
but it did not hinder root penetration. The small
values of conductivity and total cation exchangeable
capacity indicated that the soluble salts were low
and would be enough to support the normal-grassland
community' of Ma On Shan. According to the analyses
of correlation coefficient. between-exchangeable
cation pairs, no significant ion antagonistic
effect was found in the dump soils.
The background soils had lower amounts of
exchangeable cations than any of the contaminated
sites. However, the background soils near the
main road of the mine contained a higher level
of total heavy metals and the metals were derived
from the source of aerial deposition as a result
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of ore transportation (Fig. 3.7). The.dust
problem on the road was so serious that all
vegetation on those areas had a grey dust layer
on leaf surfaces. This problem would be aggravated
under a low humidity in autumn.
The soils of the dressing plant were also
contaminated with different amounts of-heavy metals
by the main source of dust fall from the dressing
plant during operation. The five contaminated metals
were calcium, magnesium, iron, zinc and lead. The
first- four metals are abundant in the iron ore
and the source of lead contamination might come
from exhausted gases as well as the ore materials.
The control of dust in iron ore mines has been
proposed (Bauer et al., 1972 Heitz, 1972) but
none of the procedures had been carried out at
Ma On Shan. It was reported that the effects of
airborne iron and manganese ore dust on a sandy
beach reduced the porosity and permeability of the
sand, greatly increased the rate of heating and
cooling and inhibited the action of aerobic
bacteria (McLachlam, 1977). The airborne dusts
also caused nuisance to human health. Inhaled
metal-bearing dusts caused health hazards to the
respiratory system and would be intensified when
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Fig. 3.7 Dust is formed constantly as a result of ore
transportation by trucks.
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the dust particles were transferred by tracheobronchial
clearance to the digestive tract. Road dusts covered
on- leaves increased their heat absorptivity and the
leaf temperature which influenced the productivity
of plants (Eller, 1977 Brandt and Rhoades, 1972
Brandt and Rhoades, 1973 Darley, 1966). Therefore,
there is an urgent need to examine the contents and
effects of the road dusts as well as ore dusts which
inhaled constantly by the nearby population.
Site 7 which situated near the dressing plant
was the most seriously contaminated area with the
concentrated iron ore stockpiles. It had the
highest bulk density (2.44 g/cm3)among all sites and
was a consequence of the high specific gravity of
the iron ore materials. Root penetrations and
developments would probably hinder by this high
bulk density. Because of the sandy _nature of
the• iron ore stockpiles, the saturation capacity
of site 7 was very low. The low exchangeable
heavy metal contents, the lack of soil substrates,
the low saturation capacity and the relative
infertile nature of the contaminated areas at
Site 7 rendered this area unsuitable for plant
growth. This area mainly consisted of barren black
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surface with bare ground over 95%, and had low
values of loss on ignition, total organic carbon
and total nitrogen.
C. The Excavated and Unexcavated Tailings
The alkaline unexcavated and excavated tailings
mainly consisted of sand and lacked profiles. They
had lower contents of total organic carbon, and
nitrogen. However, they had a high bulk density,
conductivity, pH, total cation exchange capacity
and exchangeable metal ions. The high base metal
nature of the iron ore and the sparse vegetation
growth on the tailings accounted for these results.
Although the tailings contained a moderate bulk
density, its sandy, loss surface did not prevent
root penetration into the tailings according to
the field observation. The surface of tailings
was unstable and subjected to wind and water
erosion (Figs. 3.8a b) . The sandy nature of
the iron ore tailings was responsible for the very
low water saturation capacity, and the low moisture
content of the surface tailings would be a limiting
factor for normal plant growth. The level of
available phosphorus was considerably higher than
other sites and was derived from two sources. First,
the iron ore materials contained a phosphorus content
86
Fig. 3.8a The wind and water erosion on the iron
ore tailings (the ruler is 1 m in length).
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Fig. 3.8b The effect of water erosion on the gully formation on the
iron ore tailings (the ruler is 1 m in length).
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higher than the background soil and might be concentrated in
the tailings by the wet magnetic separation of
the crude ore materials. This has been reported
by the company operating the mine (Lai,1959). A
second source might be the long term disposal of
domestic sewage from the nearby villages and this
was highly restricted to the area of the eliminated
Blue Snake stream on the tailings with discharges
from the nearby houses. Since the unexcavated
tailings were collected close to the outlet of
the previous Blue Snake stream, it had a value
of soluble phosphorus twice as much as the excavated
tailings. The results of the present study were
comparable to a 70- -to .130 -year-old weathered iron
ore spoil of West Virginia, which had a higher
bulk density, lower porosity, continuing lack
of structure and lower nitrogen and organic matter
contents, as well as poorer infiltration rates,
.than adjacent undisturbed soils (Tryon and
Markus, 1953 Smith et al., 1971).
There was a definite contamination of potassium,
sodium, calcium, magnesium,iron, manganese, zinc,
lead and copper in the tailings in terms of total
amounts as well as the exchangeable contents of
these metals. The source of metal contamination
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was largely from the metal-rich iron ore materials
except sodium which was from the source of seawater.
High salinity contributing from the abundant metal
contents affects plant growth osmotically, by
direct toxicity and by creating nutrient imbalance
(Parrondo et al., 1978).
The contents of exchangeable cations of the
excavated and unexcavated tailings were similar
but the excavated tailings contained significantly
higher total metal contents.
Since the surface tailings was frequently
leached with acidic rainwater, it would cause a
vertical downward movement of cations to a certain
depth owing to the fact that lower soil pH would
facilitate the solubility of most cations. The
cations would become immoblize as the pH raised
in the solution of deeper tailings.- Therefore
the less weathered, deeper excavated tailings
would contain relatively more metal ions-than the
frequently weathered unexcavated tailings. The
high ratios of exchangeable Ca/Mg and the normal
ratios of total Ca/Mg, exchangeable K/Mg and total
K/Mg would be unlikely to cause serious problems
in plant growth (see discussion in section A).
However, the high amounts of various soluble metals
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might cause osmotic stress in the roots of the
vegetation.
The exchangeable amount of magnesium ions
was highly correlated with the potassium, iron
and zinc ions. The alteration of the concentration
of magnesium in the soil (tailing) solution would
likely - influence- the availability of another
three ions positively.. However, no prominent
ion antagonism was found in the iron ore tailings
.according to the analyses of correlation coefficients.
The effects of such a large amount of heavy metals as
well as the major essential mineral elements on
vegetation are unknown in the iron ore tailings and
one of the following chapters will consider some
of these influences on the plant metal uptake.
D. The Waterlogged Tailings
The waterlogged tailings showed great contrasts
from the excavated or unexcavated tailings. Flooding
was the major influencing factors contributing to
these differences . The high portion of clay in the
'waterlogged tailings was probably due to the particle
redistribution on the surface. When the tailings
were flooded with seawater,.small particles would
re-suspend and deposit again in an order according
to their particle diameter. The periodical or
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continuous flooding with tidal actions played an
important role in particle redistribution. The
tidal effect on the tailings is clearly shown in
Figure 3.9, On the other hand, a small portion
of the fine clay particles might be derived
from the eroded * soils of the nearby areas and
transferred to the tailing surface by the
surrounding streams. Soil with a high clay
fraction would hinder root penetration under
freely drained or drought conditions, and result
in a reduction of infiltration rate. Owing to
the high clay content of waterlogged tailings, a
hasty increase of water holding capacity and a
lower bulk density were observed.
Flooding usually caused oxygen deficiency
and high concentrations of carbon dioxide in
waterlogged soils (Russell and Appleyard, 1915
Martin, 1968). The decrease of pH in the
waterlogged tailings might be due to the rise of
carbon dioxide content in the tailings. The
moderate vegetative cover on the almost freely
drained waterlogged tailings accounted for its
high organic matter contents and it was supported
by the higher values of loss on ignition, total
organic carbon, and total nitrogen.
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Fig. 3.9 The effect of tidal action on the iron
ore tailings.
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The high conductivity values and total cation
exchange capacity indicated the presence of a
considerable amount of soluble salts including some
toxic heavy metals such as lead, manganese, zinc,
iron and copper. -These were further quantified
in the results of the exchangeable contents of
the metal ions. It was found that the concentrations
of potassium, sodium, calcium, magnesium, manganese,
iron, lead and copper were higher than the
excavated and unexcavated tailings and the content
of zinc was similar to other un.f looded tailings.
The higher availability of metal ions might be
partially due to the decrease in pH. The extremely
high concentration of magnesium (447.5 ppm) on
waterlogged tailings was higher than the recorded
toxicity level of 10 ppm in solution culture of
non-serpentine clones of Agrostis spp. (Proctor,
1971). There was a two to three fold increase in
the concentration of manganese with the value of
75.1 ppm. This agreed with the results of other
reports that an increase in concentration of
manganese was usually found in waterlogged soils
(Ignatieff, 1941 Gruver, 1922 Mandal, 1961,
Martin, 1968 Jones, 1972 Jones, 1973). The
exchangeable amounts of sodium, calcium, manganese
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and zinc were highly correlated to their total
amounts and most* of the total metal ions became
available in large amounts. However, the
influencing factors on the exchangeability of metal
ions were unknown. In addition, there was no
significant effect of the ion antagonism in the
waterlogged tailings as revealed by correlation
coefficient analysis.
According to the results of the present study,
there was a heavy metal contamination of soils
both in the mine site and the iron ore tailings, as
well as the soils near the mining and processing
activities such as the dressing plant. The degree
of contamination was low on the dumps of the mine
site but more severe on the iron ore tailings,
especially waterlogged tailings. Increased
amounts of heavy metal and major essential mineral
elements were found on the newly exposed iron
ore tailings after excavation. Reclamation of the
tailings would greatly improve its amenity and
also slow down the release of heavy metals to the




Leaching study of iron ore tailings
I. Introduction
A continuous increase in the quantities of tailings
generated by mining seems inevitable. This intractable
environmental problem is likely to be aggravated by the finer
grinding which needs to liberate the minerals in low grade
ores from the rock matrix. The major problems of tailings
on environment are safety and stability, aesthetic nuisance,
air and water pollution and reclamation (Down and Stocks,
1977a). Tailings are--usually disposed in impoundments on
land, in marine waters, in deep water and backfill in
mining operations. (Down andStocks, 1977b). The method of
coastal deposition was adopted in the iron ore tailings of
Ma On Shan in Hong Kong and the main operating disadvantages
are that there is a possibility in the contamination of*
seawater and.little opportunity to control what happens to
the disposed tailings under the water.
The coastal environment of the iron ore tailings has
been of great concern in the past few years since the iron
ore tailings was deposited on the eastern coast of the Tolo
Harbour which is almost completely landlocked and has only
a narrow outlet (Fig. 2.1). The harbour is shallow with the
deepest not exceeding 10 m. Becuase of the construction of
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Plover Cove Reservoir and the recent reclamation of the Shatin
New Town, the harbour was further reduced in size (Wong et al.,
1976). It was first reported in 1977 that a heavy metal
contamination of the edible clam, Paphia sp,-. occurred on the
iron ore tailings and the tissue of this species accumulated
about 3300 ppm iron, 60 ppm manganese, 12 ppm copper, 34 ppm
lead and ,73 ppm zinc (Wong and Li, 1977). The macrofauna of
the tailings was also different .from other nearby areas
with smaller numbers of animal species as well as diversity
than the uncontaminated areas (Wong et al., 1978). Two green
marine algae, Chaetomorpha brychagona and Enteromorpha crinita
concentrated higher amounts of heavy metals * when growing on
the tailings (Wong et al., 1979b
The tailings contained large amounts of essential mineral
elements and toxic heavy metals. These metals would likely
to dissolve into seawater in the underwater portions of the
tailings. The coastal water around the tailings was also
contaminated and higher levels of iron (1200-1500 ppb),
manganese (10-20 ppb), lead (140-550 ppb), zinc (150-180 ppb)
and copper (50 ppb) were recorded (Wong and Li, 1977)
(Table 4.1)
Although the total amount of deposited tailings could
not be accessed, it has a large derelict area of 14.8 ha at
high tide. The release of metal ions from such a huge mass
of tailings may last for a long time. Furthermore, the iron
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contents of metals in seawater collected from the ambient environment of theTable 4.1 The
iron ore tailings.








7001300 150015001500 1500 1200 900Iron (ppb)
2010 trace20 nd 1010 10Manganese (ppb)
120100 160550 480 140550 350Lead (ppb)
160 150 150 80180 10090 150Zinc (ppb)
nd nd ndChromium (ppb)
I, II and III represents the zones on the tailings (see Fig. 2.15). Data from Wong & L(1977)
Control Site at Cheung Chau
Data from Wong et al.,(1979)
Control Site at Shek 0
means not measured
nd means not detected
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ore tailings are devoid of vegetation and clay particles as
well as cations would be eluted. into Tolo Harbour under
heavy rains. One of the aims in the present leaching study
of tailings is to delineate the rate of metal ion release.
The leaching study is an important tool to access
the movement of ions in the soil and to measure the quantity
of metal ions in the.leachates . The soil may be packed into
lysimeters*, columns or boxes and then leached with a fixed
volume of water. Leachates are collected at the bottom of
the containers by artificial suction or gravity.' Lysimeter
studies were popular before 1940 (Terman, 1977). A large
number of workers adopted columns in laboratorial leaching
studies while others used boxes in the field. The nature of
the column may be polyvinyl chloride (Korte et al., 1975
Giordano and Mortivedt, 1976 Tyler, 1978), acrylic plastic
(Sawhney, 1977), plexiglass (Peterson and Gschwind, 1972
Gilliam and Gambrell, 1978) and aluminium (DeJong, 1978) as
most of these materials do not absorb or adsorb ions. The
diameters of these columns varied from authors to authors
with a range from 3.2 cm to 15 cm. Columns with larger
diameters would have less errors induced by the edge effects
on the movement of ions through the columns.
-Leaching studies were usually applied to investigations
of various soil types on the loss of nitrate (Gilliam and
*Lysimeters: They are, containers of soil, set in field to
represent the prevailing soil and climatic
conditions, and allowing more accurate measurement
of physical process than carrying out in the open
field (Hillel, 1973).
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Gambrell, 1978 Dancer, 1975), ammonium (Dancer, 1975),
phosphate (Sawhney, 1977 Lance et-al., 1979), major essential
cations-and anions such as sodium, calcium, potassium,magne-
sium, chloride and sulphate ions (Terman, 1977 DeJong, 1978)
and trace metals such as cadmium, cobalt, copper, chromium. -
nickel, zincs lead and manganese (Korte et al,,, 1975
Giordano and Mortvedt, 1976 Tyler, 1978). On the other hand,
leaching experiments are, also desirable for the study of
quantitative relationships among cations and anions and also
for the prediction of ion movement through the soil. profile
(Sawhney, 1977 Terman, 1977). However, this method has been
extended to define the problem of metal contamination from
leachates of mine spoils (Anderson and Youngstrom, 1976)
and possibly leachates of reclaimed mining areas.
Municipal waste water (Edgerton et al., 1975a b) and
sewage sludge (Seitz, 1974 McMillan and Carlton, 1975
Sopper et al., 19716) such as dried digested sludge (Hale and
Malaney, 1976) and liquid digested sludge (Peterson and
Gschwind, 1972) had been used to reclaim derelict mined lands.
Since sewage sludge usually contained higher amounts of heavy
metals than the sewage effluents (Chan et al., 1974). the
reclamation of spoils using sludge are of greater concern
because land disposal of sewage and sewage sludge would likely
to cause ground-water pollution (Johson and Urie, 1976
Kirkham, 1974 Koterba et al.,, 1979) and other changes of soil
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properties (Bradford et al., 1975 Epstein, 1975 Epstein
.et al., 1976 Mitchell et al., 1978 Kaladivko and Nelson,
1979).
The present investigation is devoted to study the patterns
and amounts of 'cations released from the tailings by leaching
with deionized water. The study is divided into two parts.
The first involves the leaching of tailings by a fixed volume
of different pH-adjusted deionized water simulating the
average daily rainfall of Hong Kong in the past ten years.
The pH values varied from 5 - 9 are employed. The pH of
rainwater,of the Ma On Shan area was 5.7 which was normal for
the rainfall in equilibrium with atmospheric carbon dioxide
at 25°C (Barrett and Brodin, 1955) . and the pH of the tailings
is about 8.22 (Table 3.1). Therefore, the lower and the upper
limits of pH in this study are set at 5 and 9.
The second part ' aims studying the quality of the leachates
of ter the application of two types of sewage sludge, namely
the digested sludge and the activated sludge on the surf aace. of
the tailings. Sewage sludge has been used widely in the
reclamation and revegetation of various mine spoils such as
coal strip-mine spoil (Sopper, 1970 Peterson and Gschwind,
1972) and anthracite refuse banks (Sopper et al., 1976). The
two. sludges have been found to promote the growth of grass and
legume species on the tailings in pot trials at the rate of
30, 60 and 120 metric tonnes per ha (Kwan, unpublished data).
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II. Materials and Methods
About five metric tonnes of the - newly exposed iron ore
tailings after the excavation were transferred from the
site of deposition to the laboratory in plastic boxes in
April of 1978.' The samples-were then mixed homogenously
before the experiments. Cylindrical polyvinyl chloride tubes
of 15.8 cm (dia.) X 65 cm (length) were used as leaching
columns. A circular perspex plate was sealed onto the
bottom of each tube using epoxy adhesive. An openning of
18 mm in diameter was drilled on the lowest lateral wall of
the tube and was fitted with a 4.5 cm polyvinyl chloride
tubing for leachate collection. Glass wool was inserted into
the small tubing to prevent the flowing out of minute
tailing particles. About 23 kg raw tailings with an average
bulk density of 2.0 g/cm3 were uniformly packed in each
tube up to a depth of 60 cm. All columns were saturated with
pH 7,aerated deionized water before leaching was initiated.
A. The leaching of tailings with deionized water at differ-
ent pH.
.The columns were leached daily with 1.26 cm (250
ml) aerated, deionized water at various pH. The pH
values of deionized water were adjusted to 5,6,7,8 and
9 with 0.01 M HCl and 0.05 M NH4Cl. The volume of
water used in this study was equal to the average daily
rainfall in the wet season (May-September) of Hong Kong
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in the past ten years (1968-1977). . (see Appendix II)
Five replicates were used in each pH treatment. The
rate of leaching was about 100 ml per hour. The
leachate was collected from the polyvinyl chloride tubing
into a 1 + 1 HNO3 rinsed 250 ml beaker at a 10-day*
interval and was then filtered through a Whateman no.-
42 filter paper. The values of pH and conductivity were
measured immediately' by a pH meter and a conductivity
meter. , Filtrates were stored in acid-rinsed . poly-
ethylene bottles in a cold room at 4°C prior to the metal
analysis. The concentration of potassium, sodium, calcium,
magnesium, iron, manganese, lead, zinc and copper were deter-
mined by an atomic absorption spectrophotometer (Shandon
Southern, Model : A 3600).
B. The leachate quality of sludge-amended tailings
Two kinds of sewage sludge, activated sludge (f.rom
the Chinese University sewage treatment plant) and
digested sludge (from Shek Wu Hui pilot sewage treatment
plant) were collected in October of 1978. The samples
were air-dried and some of the physical and chemical
properties of these two sludges are listed in Table 4.2.
The activated sludge was acidic and the digested
sludge was about neutral. The activated sludge contained
a large portion of sand and more total nitrogen and total
amounts of sodium, copper and lead. The digested sludge
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Table 4.2 The physical and chemical properties of the activated
and digested sludge. (Each value was a mean of 5
replicates.)
Digested SludgeActivated Sludge
0.5813.690.26*7.47Air dried moisture (%)
0.046.130.044.53pH (1:2.5)




29.2 0.92I .7 0.6Total Organic Carbon (%,
4.44 0.310.713.50Water Soluble P (ppm)
0.93.50.24.2Total N (%)
46.250.4 3.116.95Exchangeable Na (ppm)
265.63 17.41.347.83K (ppm)




05.40 8.13 1.0Pb (ppm)
219.0 110.53.4 1.8Zn (ppm)
0.33.5 38.45 1.4Mn (ppm)
2.5 28.0313.0 198. 1Total Na (ppm)
12.31026.4 1087.6 81.2K (ppm)
3.6 616.75 87.790.04Ca (ppm)
504.64 7.4 35. 2566.3Mg (ppm)
-371.024183.7 1025.35998.3Fe (ppm)
-118.3318.9 7.4 173.2Cu (ppm)
315.3 9.8 19.9114.25Pb (ppm)
1499.36 43.6 83.221432.1Zn (ppm)
45.16 20.91.4 182. 1Mn (ppm)
* means S. E.
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had higher values of conductivity, organic carbon, water
soluble phosphorus and' total amounts of calcium, magne-
sium, iron and manganese. The percentage- of silt and
clay was also larger in the digested sludge.
The air dried sludge was broken into lumps within
the diameter of 2.5 cm and applied on the surface of the
tailings at a rate of 30, 60 and 120 metric tonnes per
ha. Three replicates were performed for each treatment.
The columns were leached with pH 7, aerated deionized
water as before but the leachates were collected at a
5-day interval. The storage and analyses of samples
were carried out as described above.
III. Results
A. Leaching studies with the iron ore tailings alone conduc-
ted at pH 5 to 9.
i) pH and conductivity
The changes of pH and conductivity during the
leaching period are shown in Figs. 4.2 and 4.3
respectively. The pH of the leachates fluctuated
around 8.2-8.5 without significant differences.
Tailing columns leached at pH 5. had the lowest pH
and then followed by the pH 6 treatment. The final
values of the conductivity in the leachates in Day
50 of all the pH treatments were significantly










Fig. 4.2 The pH values of leacheates which leached from the iron ore tailing











Fig. 4.3 The conductivity values of leacheates which leached from iron ore
tailing columns at various DH.
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existence of significant differences (P<0.001)
from the initial was 5 days, 10 days, 25 days,
25 days and 40 days in the pH 5, 6, 7, 8 and 9
treatment respectively.
ii) The cation contents of the leachates
The cation contents decreased in the leacnates
as time increased, except calcium and magnesium (Figs.
4.4-4.12). The changes of individual cations in the
leachates are listed below.
(1) Sodium
The concentration of sodium declined
abruptly in the first ten days and then main-
tained in a steady pace until the end of the
experiment (Fig. 4.4). The final concentrations
of sodium were about 5 ppm which was signifi-
cantly different from the initial concentration
(P<0.001) and all the pH treatments followed
almost the same pattern. A high correlation
coefficient (r=0.9589) was observed between
the conductivity values and the concentrat-
ions of sodium ions. By linear regression
analyses, their quantitative relationship was
expressed in the following equation.












Fig. 4.4 The release of sodium ions from the iron ore tailings






X is. the value of conductivity (Fig. 4.5).
(2) .Potassium
The release of potassium in the leachate
showed no dramatic differences among the tested
pH ranges (Fig. 4.6). The decreasing slope of
potassium was far less abrupt than that of sodium.
Although there might be some initial differences
in various pH treatments, there was a disposi-
tion for all pH treatments to yield a more or
less the same potassium content of 10 ppm at
Day 50. The lowering of potassium content
was significantly differed from the original
amount at Day 50 in pH 6 (P--:::::'0.001) and the
others were less significant, e.g. pH 5 (P0.05),
pH 7 (P0.02) , pH 8 (P0.05), and pH 9
(P 0.02).
(3) Calcium
Calcium was one of the two elements show-
ing a v-shape curve (Fig. 4-7). After the
first ten days, there was about 3.5 - 5.0
fold decrease in calcium content in the leachates.
Then, they all increased gradually and retained
to a level similar to their initial concentra-
tions. The leachate of pH 8 treatment showed


























Fig. 4.6 The release of potassium ions from the iron ore tailings
leached with various pH-adjusted aerated deionized water.

















Fig. 4.7 The release of calcium ions from the iron ore tailings
leached with various pH-adjusted aerated deionized water.





end of the experiment. No conclusion could be
made on other pH treatments at the present status
of the curves. There was no apparent correlate.
tion between the calcium contents and the
conductivity values in the leachate since the
correlation coefficient was 0.19.
(4) Magnesium
Magnesium was another element which
showed a v-shape curve (Fig. 4.8). After the
first ten days a decline of two to 3.3 fold of
magnesium was recorded in all different pH
treatments but its concentrations began to
rise slowly in the next ten days. In the pH
5 and 6 treatments the magnesium contents
started to increase with steady slopes at Day 20.
The pH 7, 8 and 9 treatments showed the same
trend as pH 5 and 6 from Day 20 to Day 30.
However, the slope angles decreased at Day 30
and the amounts of magnesium releasedwas less
than the pH 5 and 6 treatments. The effect of
lowering the pH in water resulted in a prominent
release of magnesium in the leachates. The
magnesium contents and the conductivity values













Fig. 4.8 The release of magnesium from the iron ore tailings









correlation ( r= -0.20 ).
(5) Manganese
The highest initial manganese concentra-
tion released in the leachate was found in the
pH 5 treatment and the second highest value in
the pH 6 treatment (Fig. 4.9).. After the first
ten days of leaching, the leachates of pH 5
and 6 treatments had similar manganese contents.
There was no initial difference o:, between pH 7,
8 and 9 treatments and they followed the same
trend with a slight fluctuation throughout the
experiment. The amount of manganese contents
in the leachates decreased to zero after Day 40.
(6) Iron
The pH differences had contributed signi-
ficant variations in the release of iron in the
leachates. In the pH 5 treatment, the initial
iron content decreased to about 50 % after thirty
days of leaching but fluctuated in the next
twenty days without any significant decrease
(Fig. 4.10). The pH 6 and 7 treatments were
similar and approached zero at Day 40. The
pH 8 treatment decreased to zero at Day 20
while no soluble iron was found in the leachates












Fig. 4.9 The release of manganese ions from the iron ore tailings leached





Fig. 4.10 The release of iron ions from the iron ore tailings leached
with various pH-adjusted, aerated deionized water.
0.20
10 20 30 40
50









There was a decreasing trend in the release
of lead although fluctuations occurred in some
treatments (Fig. 4.11). The acidic treatment
at pH 5 released the highest amount of lead
and the level declined to about 7 % of the
initial concentration at Day 50. Prominent
fluctuations occurred in the pH 5 and 6 treat-
ments. There was a slight rising in the lead
content of pH 7 and 8 treatments from Day 10
to Day 20 and then decreased to zero at Day 40
and Day 30 respectively. No detectable lead
was measured in the pH 9 treatment throughout
the experiment.
(8) Zinc
No fluctuation occurred and all the
treatments showed a decreasing pattern at the
initial thirty days but the release of zinc
ions from pH 5 and 6 treatments continued till
the end of the experiment (Fig. 4.12). Higher
zinc levels were measured in the leachates
treated with pH 5 and 6 but low values in the
neutral and alkaline treatments which approached









Fig. 4.11 The release of lead ions from the iron ore tailings leached






Fig. 4.12 The release of zinc ions from the iron ore tailings leached
with various pH-adjusted, aerated deionized water.
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No detectable amount of copper was
measured in any of the pH treatments.
B. The leachate quality of sludge-amended tailings
For easy expressions of the rates of sewage sludge
applied on 'the tailings, the following designations are
used:- 30 AS, 60 AS and 120 AS are used to designate the
application rates of-30, 60 and 120 metric tonnes of
air dried activated sludge per ha. 30 DS, 60 DS and 120
DS are used for the digested sludge.
i) PH and conductivity
The changes of pH and conductivity in the
leachates during the leaching period are shown in
Figs. 4.14 4.15. The pH of the leachates fluct-
uated around 8.10-8.30 without significant differences
despite of the rates of sludge application. The
conductivity values of leachates decreased to about
25 % of their initial values at Day 10 and then
fluctuated around 300-700,uS/cm from Day 15 to Day 50
except 120 DS. The 120 DS usually had the highest
conductivity values among all the treatments after
Day 15 with levels of about 700-1000 AuS/cm.
ii) The cation contents of the leachates
The cations contents generally decreased in ::the














Fig. 4.14 The pHvalues of the leachates leached from the iron ore tailings applying with 30, 60
















Fig. 4.15 The conductivity values of leachates which leached from the iron
ore tailings applying with 30, 60 and 120 metric tonnes activated
sludge (AS) and digested sludge (DS) per ha.
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heavy metals such as iron and lead which fluctuated
during the experimental period (Figs. 4.16-4.30). An
initial decrease and then a subsequent increase of
metal ions in the leachates usually occurred in most
of the tailings amended with digested sludge.' The
changes of individual cations in the leachates are
listed below.
-(1) Sodium
The concentrations of sodium in the
leachates decreased to 50-56% of the initial
concentration (340 ppm) at Day 10 and then further
declined to 17-25 % at Day 30 in all sludge-amended
treatments (Figs. 4.16-4.17). The final concentra-
tion of sodium in the leachates were about 9 ppm
at Day 50 of ..all. treatments and there were
statistical significances between the initial
and final concentrations (P0.001) . The digested
and activated sludge followed almost the same
pattern in the loss of sodium ions in the
leachates and showed no dramatic differences.
2) Potassium
The concentration of potassium decreased
abruptly in the leachates of all sludge-amended
treatments in the first ten days and was about











Fig. 4.16 The release of sodium from the iron ore tailings
applied with 30, 60 and 120 metric tonnes activated
sludge (AS) per ha.














Fig. 4.17The release of sodium from the iron ore tailings applied with 30,








the leachates at Day 10 (Figs. 4.18-4.19). The
content, of potassium fluctuated around 15 ppm
in most of the leachates throughout the experi-
ment except the 120 DS. The leachates of 120 DS
fluctuated around 20 ppm from Day 10 to Day 30
and increased from Day 30 till the end of the
experiment with the final concentration of 38
ppm. A slight increase of potassium concentra-
tion in control was observed from Day 20 to Day 40.
(3) Calcium
Abrupt decreases in calcium concentration
of the leachates were found in all sludge-amended
treatments at the first ten days (Figs. 4.20-4.21).
It decreased to about 13% of the initial concen-
tration (22 ppm). The control decreased to about
0.2 ppm from Day 15 and onwards. However, there
was an increase in calcium ions in the leachates
of 60 AS and 120 AS at ,Day 25 with an amount of
about 5 ppm and a slightly increase in 30 AS at
the same time. A dramatic increase in calcium
concentration of the leachates occurred after
Day 15 in the treatment of 60 DS and 120 DS and
continued to Day 50 in 120 DS. The calcium
concentration decreased in 60 DS at Day 25 and
at













Fig. 4.18 The release of potassium ions from the iron ore tailings applied
with 30, 60 and 120 metric tonnes activated sludge (AS) per ha.















Fig. 4.19 The release of potassium ions from the iron ore tailings applied
with 30, 60 and 120 metric tonnes digested sludge(DS) per ha.
















Fig. 4.,20 The release of calcium ions from the iron ore tailings applied
with 30, 60 and 120 metric tonnes activated sludge(AS) per ha.















Fig. 4.21 The release of calcium ions from the iron ore tailings applied
with 30, 60 and 120 metric tonnes digested sludge (DS) per ha.





(3 ppm) at Day 50.
(4) Magnesium
The concentration of magnesium decreased
rapidly in the leachates of all treatments in the
first ten days (Figs. 4.22-4.23). The magnesium
content of the leachates in 30 AS, 60 AS and 120
AS fluctuated around 12 ppm to 18 ppm from Day
15 to Day 50. The control increased in magnesium
concentration from Day 15 to Day 40 with the
maximum concentration of 24 ppm at Day 35 and then
decreased again. Its final concentration was
about..20 ppm which was similar to other treat-
ments of activated sludge. The leachates of 30
DS, 60 DS and 120 DS had increasing concentra-
tion of magnesium after Day 10 and then declined
slowly from Day 25 to Day 50. The highest final
concentration of magnesium was found in 120 DS
with a value of 23.4 ppm.
(5) Manganese
The concentrations of manganese in the
leachates were usually less than 0.1 ppm. The
contents of manganese approached to zero at Day
5 in 30 AS and 30 DS, at Day 10 in control, and
at Day 30 in 60 DS and 120 DS (Figs. 4.24-4.25)











Fig. 4.22 The release of magnesium ions from the iron ore tailings applied-
with 30, 60 and 120 metric tonnes activated sludge (AS) per ha.















Fig. 4.23 The release of magnesium ions from the iron ore tailings applied
with 30, 60 and 120 metric tonnes digested sludge (DS) per ha.
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Fig 4.24 The release of manganese ions from the iron ore tailings applied
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Fig. 4.25 The release of manganese ions from the iron ore tailings applied with






60 AS-and 120 AS fluctuated randomly within the
range of 0.05 ppm throughout the experiment.
(6) Zinc
The content of zinc decreased from the
initial values of'about 0.20 ppm to 0.05 ppm in
the first five days (Figs. 4.26-4.27) and then
fluctuated throughout the rest of the experiment
in all treatments. The final concentration of
the control was significantly lowered than the
initial values (P<0.01) and other treatments
were less significant (P<0.1).
(7) Iron
The concentration of iron in the leachates
fluctuated randomly throughout the experiment in
all treatments (Figs. 4.28-4.29). The iron
content of 120 DS and 120 AS usually fluctuated
at the range of 0.15 to 0.24 ppm whereas the
rest of treatments including the control fluctu-
ated below the range of 0.15 ppm.
(8) Lead
The concentrations of lead fluctuated
during the tested period with the maximum concen-
tration of 0.40 ppm and 0.33 ppm in the leachates
of 120 AS and 120 DS respectively (Figs. 4.30-











Fig. 4.26 The release of zinc ions from the iron ore tailings applied with









Fig. 4.27 The release of zinc from the iron ore tailings applied with
























Fig. 4.28 The release of iron oions from the iron ore tailings applied with












Fi,a, 4 , 79 The release of Iron ions from the iron ore tailings annlied with














Fig. 4.30 The release of lead ions from- the iron ore tailings applied with









Fig. 4.31 The release of .-lead• from the iron ore tailings applied with 30,
60 and 120 metric tonnes digested sludge per ha.
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content fluctuated around the range of 0.10
ppm to 0.20 ppm and,fell below 0.10 ppm at
the last ten days.
(9) Copper
No detectable amount of copper was measured
in any of the leachates of the sludge-amended
tailings and the control.
IV. Discussion
A. The leaching of tailings with deionized water at differ-
ent pH
No matter the initial pH in the non-buffered de
ionized water, the final pH of the leachates of the iron
ore tailings were around 8.2-8.5. It seemed that the
iron ore tailings contained large amounts of exchang-
eable cations which buffered the pH of the tailing
solution against any external changes, . Although the
rainwater at Ma On Shan area is acidic, the pII of the
rainwater would increase above 8.0 within a depth of
60 cm under the leaching of the simulated rainfall.
The leachates of the pH 5 treatment had a final pH of
around 8.2 after leaching with the 1.26 cm deionized
water. -Therefore, metals on the upper surface would be
subjected to vigorously elution under acidic, heavy rain.
fall whereas the metals in deeper layers were largely
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immobilized because of the alkaline condition.
Diminishing amounts of cations were observed in
the leachates of iron ore tailings with increasing
time of leaching except calcium and magnesium. The
sodium content of the iron ore tailings was largely
contaminated from seawater as a result of coastal
deposition. A decline in 97.4% of the initial sodium
concentration after fifty days might be due to the high
ionic nature of sodium ions at most of the pH ranges.
It was - found that pH had very little or no effect
on the liberation of sodium ions. The evaluation of the
differences'b etween the pH treatments in the graphs
are difficult so that the amount: of metal ions in the
total volume of leachates within 50 days. was- calculated
from the data, assuming the changes of the data at a
10-day intervals were increased or .'decreased linearly
(Table 4.3) Sodium ion was the largest amount of metal
ion released into the leachates. The total amount of
sodium ion liberated in different columns in fifty
days ranged from 29644 mg to 35624 mg per column without
any significant difference (P<0.1) . On the other
hand, it was expected that continuous capillary upward
movement of sodium ions from the ambient seawater might
occur and counteract the loss from leaching in deeper
tailings under the field conditon. In addition, sodium
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Table 4.3 The total amount of metal ions released in the leachate of the iron ore
tailings in 50 days.






21.38 077.19Pb 69.50 36.75
Mn 11.38 6.3110.56 5.44 5.19
Zn 18.56 15.26 5.33 2.993.04





content- of the surface tailings would decrease radically
under the wash of rainwater in summer. There was-high
correlation coefficient between the values of the concen-
trations of sodium and the conductivity. The values of
conductivity were therefore reflected the quantity of
sodium ions rather than other ions in the iron ore tailings.
.The amount of potassium ions decreased rather slowly
when compared with sodium ion and it might be due to
the presence of high potassium-bearing materials such as
feldspars and mica in the ore. (Davis , 1961). Although
initial variations of. potassium contents in the leachates
were noticeable, it tended to yield a similar value at
the end of the experiment. The range of potassium ion
in the leachates was about 10-20 ppm. Potassium was the
third most abundant ion released into the leachates.
The highest amount of 10086 mg potassium was recorded-
in the pH-6 treatment and others-with the average of
8600 mg potassium released per column. The influential
effect of pH on the release of potassium in the leachates
was also not noticeable.
The v-shape curves of calcium and magnesium in
the leachates indicated that there was a continuous
breakdown of the two metals after Day 10 in the experiment.
The factors initiating the mineral breakdown in the
iron ore tailings was not known and no conclusion could
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be made. Magnesium was the second most abundant ion
found in the leachates. The lower the pH, the more the
magnesium was measured in the leachates (Table 4.3)
and the differences were significant (P<0.05). It
was suggested that more magnesium would be released from
the surface of the iron ore tailings when applied with
non-buffered acidic deionized water rather than alkaline
deionized water. ..The release of magnesium would soon be
decreased as the pH of the leachates increased at deeper
depth.
Calcium was the forth most abundant ion found in
the leachates of the iron ore tailings. No great
3ifference was found between the total amount of
ca]_cium released in the different pH treatments. There
was no influential effects of pH on the release of
calcium ions.
All of the tested heavy metals decreased in
amount with increasing time of leaching except a
slight fluctuation of lead content in the leachates.
The effect of pH on the solubility of metals were
clearly demonstrated (Table 4.3'). The lower the pH,
the higher amount of metal was released into the
leachates and the case was just reversed in the alkaline
pH conditions.
Iron was the most abundant heavy metal detected
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in the leachates of the iron ore tailings in the pH 5
treatment as well as in the ambient seawater (Wong and
Li, 1977 Wong et al. , 1979). Its quantity was higher
than the normal composition in seawater which ranged from
0-200 ppb (Leland et al., 1979). The largest amount of
iron released into the leachates was the pH 5 treatment
with a value of 250.19 mg. The iron contents of pH 6 and
7 treatments were comparable with a value about 40-60 mg
and only trace amounts were detected in-the alkaline
conditions (pH 8 9). Although iron was less toxic
than other heavy metals, it would cause several
disturbances to the ecosystem such as algal'b looms
(Menzel and Tyther, 1961 Ingle and Martin, 1971 Glover,
1978), reduced hatchability of some metal sensitive
fish, e.g. fathead minnows, Pimephales promelas (Smith
et al., 1973), etc.
Prominent amounts of lead were released from
the iron ore tailings at pH 5 and 6. The content of lead
was higher in the leachates of the pH 6 treatment. Lead
was the second most -abundant metal in the seawater and
caused accumulation of lead in the tissue of two marine
algae and an edible clam (Wong and Li, 1977 Wong et al.,
1979). It is more of concern because lead is very toxic
and would also be subjected in food chain magnifications.
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Smaller amounts of zinc and manganese were
released into the leachates with values not exceeding
20 mg within the leaching period of fifty days in the
pH 5 and 6 treatment. The values were significantly
higher than the pH 7, 8_ and 9 treatments. In the
neutral and alkaline treatments, values ranging from 3-7mg
were released in fifty-days. Strong pH influential
effects on the release of the four above metals were
found.
On the whole, it was found that the pH had little
or no effect. on the release of major essential mineral
elements but it influenced the liberation of heavy metals
significantly. In the leachates of pH 5 and 6 treat-
ments the heavy metals such as iron, lead, manganese
and zinc were released in larger amounts from 2.1 to
114 fold higher than the pH 8 treatment. An increase
of pH with depth in the tailings was expected and
the release of heavy metals could only be significant
on the surface of the iron ore tailings because the heavy
metals would become more available under the leaching of
acidic rainwater. Therefore, reclamation by revegetation
was highly recommended. The present study was in line
with the previous work that a decrease of metal availability
with depth was found on the surface of the iron ore
tailings from 0-55 cm (Wong and Tam, 1977).
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The concentration of individual heavy metals and
major essential mineral elements did not indicated the
integrated effects of these metal on the organisms.
Large amounts of magnesium, calcium and potassium as
well as smaller amounts-of toxic heavy metals were
leached continuously into the Tolo Harbour which is
almost landlocked and the action of tidal waves is
minimal. It is worthwhile to carry out bioassays on
the aquatic organisms of different trophic levels within
this delicate environment.
B. The leachate quality of sludge-amended tailings
The pH of the leacha tes had. slight fluctuations
without significant differences between the initial and
the final values. Most of the values were within the
range of 8.10 to 8.30, which was normal for the pH of
the tailings. The value of conductivity is usually
used as a quick accessment to indicated the soluble metal
contents in solutions. It was found that the values of
conductivity was correlated with sodium ions (correlation
coefficient : 0.87, P<0.001). The lower value of
correlation coefficient indicated that metal ions other
than sodium inserted their effects on the value of
conductivity.
The calculated values of the amounts of metal
ions in the total volume.of leachates within 50 days
are listed in Table 4.4. The amount of net increase
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in metal ions as compared with the control-is
listed in Table 4.5. All rates of sludge amendment on
the tailing surfaces had similar patterns of sodium
release. Because the amount of available sodium was low
in the activated and digested sludge, the excess amount
of sodium ions in the tailings masked the small differ-
ences existing in the sludge applying at various rates.
• The initial high concentration of potassium decreased
abruptly in the first ten days and then released in a
less fluctuated manner for the rest of time in the 30 AS,
60 AS, 120 AS, 30 DS. and 60 DS. An increase of potassium
was found in 120 DS after Day 30 and it might be due to
the decomposition of digested sludge releasing more
available potassium ions.
The concentration of calcium in the control
decreased quickly in the first ten days and maintained at
a level of about 0.5 ppm after Day 15 till the end of the
experiment. This result varied from that of the pH
treatments and it was still unknown that which factor or
factors were governing the breakdown of calcium and
possibly magnesium in the iron ore tailings. The
activated sludge contained about 249 ppm of available
calcium and this accounted for the -slight increase of
calcium in the leachates. However, the digested sludge
contained higher amounts of available calcium (874 ppm)
and the calcium in the leachates increased prominently
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Table 4.4 The total amount of metal ions. released in the leachate of the iron ore tailings










AS means activated sludge and DS means digested sludge the figures mean the rate of sludge application.
significant difference between the experimental values and the control,
significant difference between the experimental values and the control,
p<0.05
p<0.02
Table 4.5 The net increase and decrease of the amount of metal ions released in the leachate of
the iron ore tailings applied with 30, 60 and 120 metric tonnes air-dried sludge per









25.8 28.3 66.855.816.0 59.5Iron
29.6 8.0 21.96.1 106.6 61.1Lead
3.3Zinc 3.8 4.4 4.1 6.O 4.2
Manganese 0.5 10.0 8.3 1.9 10.0 6.3
AS means activated sludge and DS means digested sludge the figures mean the rate of sludge application
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in the 120 DS and-then 60 DS at Day 15. After fifty
days, most of the available-calcium in the sludge or
the tailings were exhausted and decreased to about 3 ppm
in their final concentrations.
The pattern of magnesium release was similar in
30 AS, 60 AS and 120 AS. The 120 AS usually continued
the highest values followed by 60 AS and 30 AS. There
was a noticeable breakdown of magnesium in the control at
Day 20 but it decreased again at Day 40. The release of
magnesium was more significant in the digested sludge and
the amount of magnesium release was positively correlated
with the rates of application.
It seemed that there was a period of time which
required by the sludge to breakdown and release its mineral
elements into the leachates. This was supported by the
research of other workers (Haug and Haug, 1977 1978).
This period was about-l5-days for calcium,potassium, and
magnesium in digested sludge and 20 days for calcium and
magnesium in activated sludge, provided that continuous
leaching occurred daily. In general, more amounts of
calcium, potassium and magnesium were released from the
60 DS, 120 DS and 120 AS than other treatments.
The heavy metals fluctuated during the leaching
experiment and it is easier to discuss the results in-
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terms of total amount of metal released in 50 days.
More amounts of iron were released into the leach-
ates and the final value was 2.7 fold higher than the
control in the treatment of 60 AS (P<0.05), 120 AS (P
<0.02) and 120 DS (P<0.05). Iron was the highest amount
of heavy metal released in the leachates of 120 DS
and the second highest amount of heavy metal in 120 AS.
These contents were mainly derived from the sludge (Table
4.2).
The amount of lead in the leachates is of more
concern because it is a very toxic heavy metal even in
low concentrations. It was also released in considerable
amounts according to the present experiment. Lead was
the highest amount of heavy metal released in the
leachates of 120 AS and the second highest amount of heavy
metal in 120 DS. The lead contents of the leachates
were largely derived from the applied sewage sludge.
Higher amounts of manganese were released in 60 AS,
60 DS, 120 AS and 120 DS. Although the manganese content
in the digested sludge was 11 fold higher than the
activated sludge, it was found that their final amounts
were similar in the leachates. The content of zinc of
all treatments was about 13% higher than the control
except 60 AS and available zinc was abundant in the
activated and digested sludge.
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On the whole, higher amounts of heavy metals were
released in the digested sludge than the activated sludge.
It was due to the fact that the digested sludge had
higher contents of heavy metals. If any of the sewage
sludge were selected for field application, there
would be a definite contamination of heavy metals into
the tailings as well as the ambient seawater. Although
the total metal content s of the digested sludge was
higher than the activated sludge, it had several advan-
tages. Firstly, the contents of copper and lead were
low but it contained higher contents of less-toxic metals
such as iron and manganese. Secondly, the high portion
of silt and clay in the digested sludge would amend the
sandy nature of the tailings effectively. Thirdly, the
higher organic matter content of the digested sludge
would chelate part of the heavy metals and render them
non-available to plants. Forthly, the pH of the digested
sludge was about neutral and would not decrease the pH of
tailings dramatically causing a hasty release of heavy
metals. However, it is essential to carry out bioassay
on the leachates of sludge-amended tailings. Revegetation
experiments are required to delineate the rate of
application which would support the best plant growth
and release the least amount of heavy metals.
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CHAPTER FIVE
The distribution of vegetation at the iron
ore mine and the iron ore. tailings
S.1 General discriptions of vegetation in Hong Kong
No local vegetation records can be found prior to the
lease of Hong Kong. The two earliest records are 'Flora
Hongkongensis' (Bentham, 1861) and 'Flora of Kwangtung and
Hong Kong' (Dunn and Tutcher, 1912). As in conjunction
with Kwangtung province of southeast China, it seems highly
probable that the hills were originally covered with ever-
green broad leaf tropical rain forest until 1000 years
ago ( Fenzel, 1929 Grant, 1960). At present there is
no such forest- in Hong Kong.
The existing natural vegetation in Hong Kong is
distinctly poor. After extensive deforestations carried
out by ancient tribes, erosion and burning prevented the
natural revegetations of evergreeriand deciduous woodlands.
However, a local pine, Pinus massoniana has a remarkable
power of regeneration in Hong Kong (F 'enzel, 1929). Only
some preserved natural woods are found o ccas ionally as
'Feng-shuit** groves behind the settlements of some villages
**' Feng-shui' or geomancy is the art of adapting the residences
the living and the dead so as to co-operate and
harmonize with the local currents of the cosmic
breath
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in the New Territories. The rest of Hong Kong is now
mainly covered by grasslands and scrublands (Tregear,
1958), with species that are believed to be the under-
growth of the original forest (Hu, 1969). This under-
growths and other woody vines belong to families of
Magnolicaceae, Lauraceae, Hamamelidaceae, Rosaceae,
Leguminosae, Euphorbiaceae, Tiliaceae, Araliaceae,
Sterculiaceae, Guttiferae, Theaceae and Myrtaceae,
which their growth should be, theoretically, inhibited
by the former forest.
At the upper level of - the hills, vegetation is mainly
Ischaemum species, containing ground orchids and mountain
Compositae (Grant, 1960). On the middle and lower slopes,
there are different variety of tall grasses with patches
of plants belonging to families of Ericaceae, Acanthaceae,
Rubiaceae and Myrtaceae. Abundant ferns and shrubs such
as Dicranopteris linearis, Baeckea frutescens, Rhodomyrtus
tomentosa, Melastoma, Gordonia, Raphiolepis indica, Eurya,
Diospyros, Pittosporum and various legumes are in the
valleys or on the leeward slopes. Tremendous variety of
tree species are found particularly on the Hong Kong Island
around the Victoria Peak.
An extensive investigation on the sea-shore plants of
Hong Kong was reported in 1974 (Hu, 1974). In this study,
24 species in 14 families were identified for the muddy
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shore communities, . 73 species in 13 families for the rocky
shore communities and 19 species in 12 families for the
sandy shore communities. Some muddy shores which may
have mangrove plants are of ecological interests. The
common mangrove plants are Lumnitzera racemosa, Bruguiera
conjugata, Kandelia candel and Rhizophora mucronata.
A scheme of erosion control by afforestation began
after the Second World War in Hong Kong. Planted species
included Pinus massoniana, P. elliottii, Casuarina
equisetif olia, Tristania conferta, Acacia confusa and
Eucalyptus robusta. The P. massoniana and Casuarina
equisetifolia are of higher potentials because they thrive
best on loose soils but also grow reasonably vigorous on
compact soils.
5.2 General discriptions of-vegetation at Ma On Shan
Meager information of vegetation on Ma On Shan was
recorded by a few early naturalists (Gibbs, 1931 Heywood,
1935). As a whole, the vegetation of Ma On Shan changes
gradually from low scrublands at the foot of the hill into
grasslands when approaching the peak.
Woodlands are limited to those areas around the
dressing plant, the valley near to Ma On Shan Tsuen and
the plantation areas on the overburdens of the mine,
adjacent to the living quarters of the miners. Eucalyptus
robusta and Pinus massoniana are the two principal species
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over the low level woodlands. Other isolated tree species,
Aleurites moluccana, Sapium discolor, Rhus succedanea,
Schefflera octophylla, Crateva religiosa and Mallotus are
inserted among them.
Below the altitude of 250 m, the vegetation communities
are dominated by Gahnia tristis , with numerous patches of
Rhodomyrtus tomentosa, Dalbergia, Melstoma, Raphiolepis
indica, Embelia, Phyllodium, Inula cap-a, Rhododendron and
Aster. Pure Gahnia tristis populations are found on areas
near small streams or on wetland. Scattered
Pinus massoniana grew on the rest of Ma On Shan as a result
of previous afforestation by aerial seeding.
Vegetation usually grows more vigorously on leeward
slopes and becomes fewer on open slopes. In small valleys
and gullies in which soils usually retain a higher moisture,-
there are abundant small trees, shrubs, climbers and ferns.
For instance, there are young tree species including
Gordonia axillaris, Rhus succedanea, Litsea rotundifolia,
Ficus variolosa, Ficus hirta, Acacia confusa, Sch eff lera
octophylla, Ilex asprella and Pinus massoniana fern
species including Dicranopteris linearis, Blechnum orientale,
Pteris semipinnata, Pteridium aquilinum, Pteridium vittata
and Adiantum flabellutatum climbers such as Smilax glabra,
Smilax china, Ipomoea cairica and Gnetum montanum.
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From the altitude of 250 m to 400 m, there may be a
gradual replacement of the dominant species, Gahnia tristis,
in the existing vegetation by Baeckea f rutes ceps . Bae Ikea.
frutescens and Dicranopteris linearis have been reported as
indicators of poor acidic soils (Hou, 1957). More or less
at the same altitude, a large area of Bambu5a is present
on a small hill at the junction of two main tributaries of
Tai Hang River.
A vegetation record was obtained by running thirty 1 m2
quadrats.randomly on the rather homogenous grassland'above
400 m (Table 5.1). Eulalia s pecios a was the most abundant
species (Frequency % 84%) and also with the highest
coverage of 18.24%. Arundinella setosa was the second
most abundant grass (Frequency % : 80%) but with a rather
low cover percentage of 4.56.followed by a hairy scrub,
Inula cappa and a moderate tall grass Cymbopogon martinii.
The species of Ischaemum, namely I. ciliare, I. aritatum
and I. barbartum following the first four plants occurred
in a high frequency ranging from 56 - 60%. Other grasses,
herbs or shrubs were Eulalia ciliata, Elephantopus tomentosa,
Miscanthus sinensis, Rhodomyrtus tomentosa, Helicteres
angustifolia and Melastoma candidum. _Di cranopteris linearis
was limited to the ambient areas of big boulders or gullies
with a high moisture.
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Table 5.1 The species, the frequency (%), and the plant cover
(%) of undisturbed sites..on Ma On Shan grassland
2
obtained by running thirty random 1 m quadrats.

















As a rule, Neyraudia arundinacea occurs at disturbed
areas lining up on both sides of the road leading to the
mine (Fig. 5.1) but disappears totally just one or two
metres away from the area of disturbances.
5.3 The distributions of vegetation at the Ma On Shan Iron Mine
and the Iron Ore Tailings In relation to some edaphic factors..
I. Introduction
One of the most obvious examples of disturbance to
the ecosystem is the obliteration of plant and animal
communities by the deposition of wastes generated from
mining and other industrial operations (Gemmell, 1978).
In the past, minerals were obtained from the exploitation
of virgin lands and subsequent abandonment of the mined
lands led to extensive derelictions, especially in the
cases of surface mining. Many of these derelict rained
lands, waste rock dumps and tailing mounds are more
or less devoid of vegetation or with a little plant
cover. Sparse colonization aftd low survival of
vegetations have been reported on black spoils from
anthracite mining (Schramm, 1966), colliery waste
heaps (Chadwick and Salt, 1969 Sutton, 1973 Vogel,
1973 Bennett et al, 1976 Kimber et al, 1978 Tasker
and Chadwick, 1978), silver mine dumps (Alvarez et al,
1974), tin tailings (Reid, 1956 Mitchell, 1964).
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Fig. 5.1 The only road leading to the iron mine, showing Neyraudia
arundinacea which lines up both sides of the road. The
trees in the background are Pinus massoniana.
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serpentine asbestos mine wastes (Moore and Zimmermann,
1977), metalliferous fluorspar mine tailings (Johnson
et al,, 1976), siliceous and dolomitic tailings (Hunter
and Whiteman,. 1975), bituminous strip-mine spoils
(Edgerton et al., 1975) , chromate waste heaps (Gemmell,
1972 Breeze, 1973), metali if erous tailings of copper,
zinc and lead (Smith and Bradshaw, 1970 Craze, 1977
Johnson et al., 1977), copper-, gold- and nickel-mining
wastes (Hill, 1977). iron and copper wastes (Shetron
and Carroll, 1977), taconite tailings (Dickinson, 1972),
arsenic mine waste (Wild, 1974 Porter and Peterson,
1975 Rocovitch and West, 1975) haematite ore and iron
stone wastes (Cowan, 1961) and iron ore tailings (Wong
and Tam, 1977). The occurrence of lichens, bryophytes
and cryptogams has been described at coal strip mines
(Carvey et al., 1977 Lawrey, 1978)
Adverse factors, such as the presence of high
contents of toxic metals, deficiency of macronutrients,
severe acidity or alkalinity, excess water or drought,
extreme high temperatures, unusual wind turbulence,
surface instability and compaction of fine waste
materials may totally or partially prevent the
establishment of vegetation (Down and Stocks, 1977o).
However, some plants which mainly belong to the
family of Gramineae have been observed to thrive on the
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toxic mine spoils and to flourish. The establishment
of such a population of a species or populations of
different species is due to the natural selection
pressure to select tolerant individuals against non-
tolerant individuals in metal contaminated situations
(Bradshaw, 1975). At least 21 different species have
been demonstrated to show metal tolerance (Antonovics
et al,, 1971) and the characteristics of metal tolerance
are heritable (McNeilly and Bradshaw, 1.968). The
metal--tolerant populations have also been reported to
show an adaptation to low soil fertility (Jowett, 1959).
In general, - a higher percentage plant cover
and a greater species diversity were observed on older
spoils (Down, 1973 Palaniappan, 1974 Carvey et al,,
1977) but their distributions were still mainly
governed by chemical factors of soils .(Kimber et al,
1978 Tasker and Chadwick, 1978).
Although a large amount of research has been
conducted on the iron ore tailings (Wong and Chan, 1976
Wong and Tam, 1977 Wong and Li, 1976 etc.), quantitative
analysis of vegetation has never been carried out at
the mine site. This chapter is devoted to the analysis
of vegetation at the iron ore mining areas and the iron
ore tailings. The species diversity and the pattern
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of colonization are also studied in both areas. The
distribution of vegetation is tried to correlate with
some of the edaphic factors at those sites.
II. Materials and Methods
Quantitative as well as qualitative analyses
were carried out on the iron ore tailings and the
southern dumps (A) of the iron mine, next to Tai Hang
River (Fig. 5.2). The quantitative descriptions of
vegetation on the northern dumps (B) of the mine are .
not recorded because of the frequent disturbances of
human activities and the continuous grazing by a small
number of goats and cows reared by the local farmers.
A. Vegetation Map
Large scale vegetation maps of the iron mine,
the northern and southern waste rock dumps and the
iron ore tailings were constructed according to the
field survey conducted in January, 1979 using the
method described by Goldsmith and Harrison (1976).
High-angled photographs and aerial photographs
obtained from the Public Work Department of the
Hong Kong Government were used in map contructions.
The distribution of lichens were not recorded in
the maps. On the other hand, the decomposing algal
species on the iron ore tailings were added to the
map.
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Fig. 5.2 An aerial photograph of the mining area in 1973, showing the southern dumps (A),
northern dumps (B) and the Acacia confusa woodland (W).
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B. Vegetation Recording
a. The Iron Ore Mine
(i) Lichen Distribution
Fifty, 25 X 25 cm quadrats were located
randomly for lichen studies on the two uppermost,
south-facing slopes of the waste rock dumps.
There were no existence of other higher plants.
The percentage cover and percentage frequency
of the lichens were recorded and the lichen
species were transferred to the laboratory
for identification.
(ii) Higher Plant Distribution
Eighty quadrats of 1 mZ. were sampled
randomly on the terraces throughout the
southern dumps and another eighty random
1 m2 quadrats on the slopes of these dumps.
For comparison, thirty random quadrats of
1 m2 were also sampled over an adjacent,
undisturbed grassland of Ma On Shan. The
percentage cover and percentage frequency
were recorded using the method described
by Kershaw (1964). The artificial Acacia
woodland near the living quarters of the
miners were not sampled.
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(iii) Pattern of Vegetation' Colonization
The colonization of natural vegetation
was studied by lying a belt transect of
forty five 1 m2 quadrats from the ' bare waste
rocks to an adjacent well-established
grassland of Ma On Shan. The percentage
cover, percentage frequency, the height of
the plants, the angle of slopes and the
average diameter of waste rocks were all
recorded.
b. The Iron Ore Tailings
The excavation of tailings commenced in 1976,
most of the original plants were removed and less
than 1% of the area was covered with vegetation.
This condition created difficulties in sampling
and only the presence and absence of vegetation
were recorded. Other qualitative data on the
growth of vegetation were observed from December,
1976 to February., 1979. The dam area has a
prosperous plantgrowth and seventy-five random
quadrats of 1 m2 were recorded.
III. Results
A. The Iron Ore Mine and Waste Rock Dumps
a. Lichen Distribution
Ten lichen species were found on the sampled
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areas (Table 5.2) and the mean total plant cover
percentage was 13.15. Lecanora sp . A with a
sheet-like thallus on the upper surface of most
waste rocks was the most abundant one with
percentage frequency of 72.73. The cup-shaped
fruiting bodies with reddish brown centres, were
commonly found on the thallus (Fig. 5.3). Cladonia
sp which contains a greenish thallus protruding
from the surface of rocks as high as 12 mm, was
the second most abundant species. This lichen,
with a percentage frequency of 61.82 was limited
to, the lower surface or between some cracks of rocks
without direct sunlight (Fig. 5.4) . Pertusaria
sp . and Lecidea albocoerulescens were of
frequent abundance. Atypical spores had been
found. on the fruiting bodies of Lecid ea
albocoerulescens. - The greyish white thallus of
Aspicilia cinerea was sharply perceived on a
dark brown background of weathered rocks (Fig. 5.5) .
Although Stereocaulon japonicum had a relatively
low occurrence on the .dumps, the fleshy greenish
thallus might protrude from the rock up to a
height of 60 mm in early Spring (Fig. 5.6).
Pseudoparmelia owariensis was found just outside
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Table 5.2 The lichen species and the total percentage cover
of fifty random, 25 X 25. cm quadrats.
Plant CoveiFrequency (%) (%)







0.4010.91Lecidea sp . A
0.097.27Lecidea sp-. B
0.047.27Buellia sp .***
* . Fruiting bodies with atypical spores
A species in the subfusca group
*^* Spores mostly abortive
Pseudoparmelia owariensis and various Lecanora sp were
present on the rock surface but not recorded in quadrats.*
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Fig. 5.3 Lecanora sp . showing rusty brown fruiting bodies.
Fig. 5.4 Cladonia sg showing their growing habitats where
direct sunshine are usually avoided.
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Fig. 5.5 Aspicilia cinerea on weathered rock surface.
Fig. 5.6 Stereocaulon japonicum showing its milky green
protruded thallus.
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the quadrats. In addition, spores of a iow
occurrence lichen Buellia sp were mostly
abortive.
b . Higher Plant Distributions
The spatial distributions of higher plants
are shown in Figs. 5.7 and 5.8. As a whole, the
southern and northern dumps of the mine were
richer in both species diversity and species
coverage than the areas of the iron mine.
lit The Iron Mine
Patches of Ischaemum spp. , Neyraudia
arundinacea, Miscanthus sinensis, M. floridulus
and a few isolated trees of Pinus massoniana
and Acacia confusa were located on the mine
site (Fig. 5.7). Ischaemum spp. were usually
found on steep slopes of higher levels,
subjecting to landslides whereas Neyraudia
arundinacea and Miscanthus spp. were mainly
located on rock debris at lower levels.
Seedlings of vines and shrubs found on the
dumps might present in cracks of rock debris
or boulders but no adult plants of such
species had been observed on this areas.
A large area woodland with the tree,
Acacia confusa of about 10 m in height, was
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Fig. 5.7 The distribution of vegetation at the iron mine (A)
and the southern dumps (B).
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located, adjacent to the southern dumps
(Fig. 5.2). This was a result of the
plantation of Acacia in 1963. The under-
growths were especially rich in this rather
undisturbed area but they were not studied
in the present investigation.
(ii) The Southern Dumps (Fig. 5.8)
The major species on terraces and slopes
of the southern dumps encountered in the
survey are listed in Table 5.3. The species
affinity for slopes were calculated as
described by King (1977) using the formula:
Total % cover of a species on
slopes X 100Affinity for
Total % cover of the species onslopes (%)
(Slopes + terraces)
Species on terraces showed a high degree of
diversity than those on the slopes. Neyraudia
arundinacea occurred almost equally on both
sites with an extremely high frequency ranging
from 47.5 to 57.5%. Ischaemum spp. was the
most abundant species on the terraces at any
altitude but it declined abruptly on the slopes
(percentage of affinity for slopes: 2.5). On
the other hand, numerous Pogonatherum critinum
occurred on the slopes of lower dumps but it
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Table 5.3 The species, the vegetation cover (%) , frequency (%)
and the percentage of affinity for slopes of waste
rock dumps on the Ma On Shan Iron Mine*.
Affinity Terraces Slopes
for
Species Frequency % cover % Frequency % Coverslopes (%)
Ischaemum aristatum 2.5 57.50 22.06 8.75 0.56
Neyraudia arundinacea 43.1 47.50 9.33 57.50 /.U6
Ischaemum ciliare 1.2 43.75 10.69 2.50 0.13
Aster baccharaides 18.9 28.75 1.50 10.00 0.35
Cymbopogon martinii 24.5 22.50 2.31 11.25 0.75
Desmodium spp. 16.5 21.25 0.81 5.00 0.16
Sporobolus fertilis 0 20.00 4.66
Paspalum spp. 0 16.25 1.19
Lycopodium cernuum 0 12.50 0.88
Ischaemum spp. U 10.00 1.56
Ageratum conyzoides 0 8.75 0.94
Miscanthus floridulus 78.5 8.75 0.63 28.75 2.30
19.4 8.75Inula cappa 0.25 1.25 0.06
Dicranopteris linearis 6.5 7.50 1.44 1.25 0.06
Poonatherum critinum 75.3 7.50 1.13 36.25 3.44
Acacia confusa(seedling) 0 7.50 0.75
Khodomyrtus tomentosa 0 6.25 0.05
Sonchus spp. 50.0 6.Z5 0.31 10.00 0.31
Pteroloma triguetrum 0 6.25 0.06
Emilia. sonchif olia 0 6.25
Centella asiatica 0 6.25
Millettia. nitida 0 5.00 0.25
Urena lobata 31.6 5.00 0.13 2.50 0.06
Paspalum conjugatum 0 5.00
Lantana camara 12.7 0.693.75 1.25
Rhus succedanea 0 3.75
UBidens pilosa 2.50
Rubus reflexus 0 2.50
Erigeron bonariensis 0 2.50
Berchemia racemosa 0 1.25 0.19
Wikstroernia indica 59.4 1.25 0.13 2.50 0.19
Anisopapus chinensis 0 1.25 0.06
Raphiolepis indica 0 1.25
Ad iantum lunulatum 0 1.25
Cyperus brevitoiis 0 1.25
Hedyotis spp. 0 1.25
Lygodium tlexuosum 43.5 1.25 2.50 0.13
Nephrolepis cordifolia 100.0 30.00 6.88
Cheilanthes hirsuta 100.0 10.00 0.19
Blechnum orientale 100.0 3.75 0.19
Breynia fruticosa 100.0 2.50 0.13
The presence of a species with less than 0.5% cover is indicated by a
plus sign.
Total % cover of a -species on slopes X 100
Affinity for slopes (%)
Total % cover of the species on (slopes +. terraces)
This sign indicated the total absence of a species
means sparse coverage
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only had a poor ability to establish on
the terraces. Its percentage of affinity
for slopes was 75.3. Miscanthus floridulus
and Wiks troemia - indica also had high affinity
for slopes with a percentage of 78.5 and
59.4 respectively. Most of the species
on the slopes were found on the terraces
except Nephrolepis cordifolia, Blechnum
orientale, Breynia fruticosa and Cheilanthes
hirsuta which all showed a 100% affinity
for slopes. However, twenty two species
were present only on the terraces but not
on the slopes. A moderate abundant fern,
Dicranopteris linearis, usually on undisturbed
areas of Ma On Shan and most of the hillsides
of Hong Kong, were only found on a small
area of a terrace (Fig. 5.7). Aster
baccharoid es , Arundinella nepalens is ,
Lyco op dium cernuum, Miscanthus floridulus and
Desmodium spp. were more abundant on dumps
of higher altitudes. A patch of Cynodon
dactylon was discovered on a small section
of the abandoned road going uphill. Bare
grounds were common elsewhere in the mining
areas even those sites with colonized vegetation.
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The use of traditional phytosociological
techniques made possible at least crude
divisions within the vegetation on 'the terraces.
Two major, overlapping groupings were
differentiated in the final vegetation table
(Table 5.4).
Group 1 (Quadrats 1 - 41) was diffused
with Neyraudia arundinacea, Ischaemum ciliare,
Arundinella nepalensis and Aster baccharoides
presented in most of the quadrats. The group
could be further divided into subgroup la
and lb according to the presence or absence of
Lycopodium cernuum, Dicranopteris linearis
and Rhodomyrtus tomentosa. This group
represented a grassland community with members
of taller grasses on the upper dumps.
The second group, Group 2 (Quadrats
44 - 80) , differed from the first one with
the presence of Ischaemum aristatum replacing
Neyraudia arundinacea and I. ciliare gradually.
This group was characterized by a high cover
or abundance percentage of T. aristatum
and by the presence of some acaulescent
grasses such as Pogonatherum critinum,
Paspalum spp. and Sporobolus fertilis.
Table 5.4 The phytosociological table of vegetation growing on the terraces of waste rock dumps. The table was obtained by running running eighty 1 m2 quadrats randomly throughout the terrnces of the southern dumps.
1 2 3 4 5 6 7 8 9Quadrat Number 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80
Total Plant Cover (%) 100 65 100 45 80 5 55 55 70 15 75 60 90 125 90 55 15 30 11 75 45 90 45 18 128 100 85 90 85 40 55 55 35 25 90 55 65 95 45 80 45 85 90 75 135 80 115 95 120 145 60 75 40 25 95 55 40 50 15 40 50 70 75 80 43 45 15 65 5 10 105 20 45 30 80 120 40 40 2015
Number of species 7 6 5 5 6 2 4 5 5 2 3 7 4 5 4 6 3 4 4 4 3 5 4 2 5 7 2 4 3 3 4 3 5 3 3 5 4 4 2 4 2 4 1 4 3 4 3 3 5 4 3 5 5 4 6 4 6 6 5 7 1 4 4 7 5 5 4 4 2 5 6 4 5 3 3 4 5 3 4 9
20 5 25 50 70 50 35 5 20 8 18 1555 20 25 10 30 5Neyraudia arundinacen 10 25 15 20 10 1520 20 + 15 25 50 20 30 35 25 2025 40 75 10 20 30 40 60 50Ischaemum ciliare 25 30 5 15 25 25 40 20 5 15 5 525 1030 15 20Group 1a Ischaemum spp. 205
5 5 10 10 10 40 45 10Arundinella nepalensis 20 5 15 10 5 10155 101510 2015 10Aster baccharoides 10 10
30Lycopodium cernuum 25 15510 5Inula cappa
70 10 25 10Dicranopteris linearisGroup 1b 55 5Sonchus oleraceus 10
1010Millettia nitida
15Rhodomyrtus tomentosa 25
40Group 2a Ischaemum aristatum 15 10 40 10 10 25 30 45 40 30 90 70 100 80 100 80 100 100 40 30 20 25 15 10 5 315 50 70 70 20 20 15 45 5 5 20 20 50 80 10 4010
Sporobolus fertilis
1510 40 15 25 30 30 8 15 15 5 80 1015 30 30Fogonatherum critinum 30 10 10 20 10 10Miscanthus floridulus 5 5 15 5 5 5 10Group 2b Paspalum conjugatum










Lantana camara 5 50
Urena lobata 10Erigeron bonariensis
Cyperus brevifolis
10Acacia confusa 10 5 30 5Rhus succedanea
Heayotis spp.
Indicates sparse coverage
50 40 50 10 30 5
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A taller grass, Miscanthus floridulus might
present on the edge of terraces and shrubs
were of scanty occurrences.
The vegetation community on the slopes
differed a great deal from those on the
terraces. Two overlapping groupings were
also found (Table 5.5). Group 1 (Quadrats
1 - 25) consisted of afern, Nephrolepis
cordifolia, only restricted on the upper
dumps with a high percentage cover.
Nephrolepis cordifolia usually existed
next' to the bare waste rocks, forming an
almost pure population in gullies or slopes
less subjected to wind turbulences (Fig. 5.10).
Mixed communities of Nephrolepis cordifolia
and. Neyraudia arundinacea were found on lower
slopes. The seedlings of Sdnchus spp. occurred
frequently in this group.
The second group (Quadrats 27 - 80 in Table
5.5) was characterized by the co-dominancy of
Neyraudia arundinacea and Pogonatherum critinum,
and by the presence of some other grasses such
as Miscanthus floridulus , Arundinella r_epal ens is
and I. aristatum. Nephrolepis cordifolia was
absent in this group on the lower slopes.
Table 5.5 The phytosociological table of vepetation growing on the slopes of waste rock dumps. The table was obtained by running einhty 1 m2 kquadrats randomly throughout the stepes of southern dumps.
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80Quadrat Number
20 30 20 25 40 40 35 20 15 35 40 20 55 35 50 25 35 48 25 20 50 30 20 15 40 0 25 0 15 5 18 30 20 44 25 40 40 90 35 10 15 20 20 15 20 35 30 15 35 50 16 15 30 55 25 25 30 10 25 0 0 25 10 0 0 30 10 0 5 10 10 + 10 33 13 10 15 5 10Total Plant Cover (%)
Number of Species 1 1 1 1 1 2 1 2 1 3 1 1 2 1 1 2 2 2 3 2 2 3 2 1 2 0 2 0 5 3 4 4 5 5 3 6 7 4 4 3 4 3 4 2 2 4 2 2 2 3 4 5 3 3 4 5 5 4 3 2 0 0 2 2 0 0 2 1 0 2 1 1 2 1 4 2 1 2 1 1
510 15 2020 30 20 25 40 40 35 10 15 30 40 20 45 35 50 20 5 10 10Nephrolepis cordifolia
10510Sonchus spp.
101015 10 5 5 10 10 5 105 20 10 11 10 10 15 10 30 15 1020 10 10 5 15 40 10 510515 30 40 15 10 40 30 10Group 2a Neyrandia arundinacea
8102510 105104 10 40 5 5 10 5 510 5Miscanthus floridulus 25 10 15 5 5 15 5 10 1015 15 10 5 15 4010 55 10 15 5 5 10 10 15 5Fogonatherum critinum 5
15 10 128Arundinella nepalensis 58 5Group 2b Aster baccharoides 105Cheilanthes hirsuta 510 1010 105Ischaemum aristatum
5
Nrena Iobata
10Breynia fruticosa 58Desmodiumspp. 105Blechnum orientale
10Ischaemum ciliare 55Lygodium flexuosum 5
Inula cappa 3
Ischaemum spp.










The-pattern of colonization was studied
by running a belt transect of forty-five 1 m2
quadrats from the bare rocks to an adjacent
undisturbed grassland (Table 5.6). A
simplified diagram illustrating the changes
of the dominant species is shorn in Fig. 5.9.
A fern, Nephrolepis cordifolia was the
pioneer species of higher plants invading
the bare dumps (Fig. 5.10). It dominanted
a width of about 16 m on the studied slope
without any invasion of other higher plants.
It had a height of 10 cm at the edge and
then increased to 60 cm at the quadrat with
the highest cover percentage. The area
of quadrats 20 - 24 was further invaded by
N. cordifolia and Blechnum orientale_. A
sudden rise of Neyraudia arundinacea replaced
the two ferns in a short distance of a few
metres. Neyraudia arundinacea was again
gradually substutited by Cymbopogon martinii
and Arundinella nepalens is . Ten metres away
from the dump, Ischaemum spp. and Eulalia
spp. took over the dominancy in the rest of
the undisturbed areas. Inula cappa was the
Table 5.6 The pattern of colonization at bare rock dumpswas obtained by running a belt transect of forty-five 1 m` quadrats from the bare rocks to an adjacent
undisturbed grassland.
Quadrat Number 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45
0 0 0 0 0 5 5 0 10 15 20 20 10 20 10 25 20 30 50 65 70 100 75 105 56 33 90 5 75 25 60 25 55 88 77 56 65 75 40 60 48 30 65 60Total Plant Cover (%)
Total Numberof Species 3 4 4 4 5 8 8 3 7 8 9 7 7 9 6 6 4 7 8 5 6 6 6 4
Nephrolepis cordifolia 5 5 10 15 20 20 10 20 10 25 20 30 50 60 30 60 25 5
Blechnumorientale 40 40 30 10 6 5
Cheilanthes hirsuta D 8
Sonchusspp.(seedlings) 15 10
Neyraudia arundinacea 5 20 55 80 40 15 70
Cymbopogonmartinii 55 5 40 10 5 5 15 15 105
Inula cappa 105 10 5 55 5 5 10 5
Aster baccharoides 5 5 105
Helicteres angustif olia 5 10 105 5 10
Elephantopus tomentosa 5 5 5
Sorghumnitidum 105
Arundinella naplensis 20 10 520 10 30 8 15 5
Miscanthus sinensis 105 15 5 20
Ischaemumciliare 20 105 25 10 10 10 5 10
Ischaemumbarbartum 25 1010
Ischaemumaristatum 35 105 10 5
Ischaemumindicum 15
Eulalia speciosa 17 21 35 30 8 10 15 35
Eulalia ciliata 10 15 15 10
+ indicates sparse coverage













Fig. 5.9 The pattern of plants colonizing the bare rock dump (Quadrat no.1)









































Fig. 5.10 Nephrolepis cordifolia is the pioneer higher plant species
colonizing the bare rock dumps. The grass species behind
N. cordifolia is Neyraudia arundinacea.
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most frequent shrub in this grassland community.
From quadrat 40 and onwards, the vegetation was
similar to the background vegetation listed in
Table 5.1.
(iii) The Northern Dumps
The distributions of vegetation are shown
in Fig. 5.8. These dumps containing large areas
of bare grounds were influenced by human
activities and landsliding. In contrast to
the southern dumps, the local pine tree,
Pinus massoniana was established as well as
Acacia confusa. Nephrolepis cordifolia
covered most slopes of the dumps and grew
far better than those on the southern dumps
(Fig. 5.11). A poor grassland including
Neyraudia arundinacea, Cymbopogon, and
Ischaemum spp., had been established on the
terraces of these dumps. A sparse coverage
of scrubs such as Elephantopus tomentosa,
Sonchus, Ageratum conyzoi_des, Inula cappa,
Dicranopteris linearis, y1_lodium, Blechnum
orientale, Melastoma, and Centella asiatica
was found on the stony, semi-bare ground
(Fig. 5.12). Since this area was under
continuous grazing, the vegetation was never
exceed the height of 10 cm during the observation
period.
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Mixed grassland with about 40% bare ground
Bare ground
Cliff
Boundary of disturbed area
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Fig. 5.8 The distribution of vegetation at the northern dumps.















Fig. 5.11 Nephrolepis cordifolia grows far better on
the slopes of the northern dumps than those
of the southern dumps. The fern community
is clearly mosa.iced between other grass
communities.
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Fig. 5.12- A poor grassland on the terrace of the
northern dumps. Note the stony nature
of this terrace. The trees behind are
mainly'Pinus massoniana.
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B. The Iron Ore Tailings
Thelron ore tailings originally contained a
poor plant cover (Wong and Tam, 1977) and the plants
on Zone I and III were almost totally removed as the
result of excavation activities began in 1976 '(Fig.
2.17). The existing vegetations on the tailings
were so sparse and patchy that the overall presence
and absence could be observed (Table 5.7). Most
of the plants were members of Compositae and Gramineae.
In general, herbs were more common than shrubs.
Only one tree, Acacia confusa was found on Zone I
with its maximum height of 3 m but it was subsequently
removed during the excavation in 1977.
The immediate areas of the dam consisted of
the highest plant cover. The percentage frequency
and percentage plant cover are shown in Table 5.8.
Eighteen species were recorded. The most abundant
species was the grass, Rhynchelytrum repens, with a
total percentage cover of 5.71. Neyrandia
arundinacea was the second most abundant species
with a total plant cover of 2.00% followed by
Wedelia prostrata and Fimbristylis polytrichoides.
Other plants with a moderate low frequency were
Canavalia maritima, Eclipta prostrata, Adenostemma
lavenia and Atylosia scarabaeoides. The seedlings
188
Table 5.7 The presence and absence record of plant species found
at the dam area and-the iron ore tailings
Species Tailings far















































x indicates the presence of the species.
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Table 5.8 The percentages of frequency and plant cover of the
dam area obtaining from seventy-five 1 m2 random
quadrats.
Frequency (%) Plant Cover (%)
Rhynchelytrum repens 50.67 5.71
24.00 2.00Neyraudia arundinacea
17.33 0.87Wedelia prostrata









Paspalum distichum 4.00 0..13






+ plant cover less than 0.05%
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of Ischaemum aristatum were established.on the
dam area in January, 1979. A large number of
Urena lobata seedlings was observed on the clam
area in March, 1978, but none of them could
survive through the following summer.
After the excavation of the tailings, certain
areas were waterlogged with seawater (Figs. 2.18 a b)
The areas of high salinity would usually inhibit
plant growth but the situation observed on the
following months gave surprising results. At
first, a green alga, Ulva sp ., established on
the edge of the waterlogged tailings in January,
1977. The death of algae were observed in the
following summer but the rate of decomposition
was so slow that hatchy green algal debris were.
still found on the tailings in March, 1978 (Figs.
5.13 a b). The locations are shown on the
vegetation map (Fig. 5.14). However, Ulva did not
establish again on the tailings . in the next spring
of 1978. Two other marine algae, Chaetomorpha
brychagona and Enteromorpha crinita, which found
on the tailings in 1977 (Wong et al. , 1979) were
also no longer observed.
Three months after the termination of the
tailing excavation, Paspalum distichum , a grass
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Fig. 5.13a A large patch of algal dead debris of
Ulva spp. on the iron ore tailings.
Fig. 5.13b A close view of the dead debris of Ulva spp.
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species with a very limited distribution on the
iron ore tailings, began to colonize the waterlogged
areas with a rapid pace (Fig. 5.15 a). It dominated
the central portion of the tailings, forming dense-
carpets of an almost pure community (Fig. 5.15 b).
The length and width of the leaves were far larger
.than those on other parts of the tailings.
A large area of scattered Fimbristylis
polytrichoides was found near a fan-shaped outlet of
the eliminated Blue Snake Stream. A patch of Cynodon
dactylon located at the south of F. polytrichoides.
Both of C. dactylon and F. polytrichoides showed a
xerophytic appearance when growing on the iron ore
tailings.. The best colonized area on the tailings
was the gully receiving domestic waste water from
adjacent village houses (Fig. 5.16). Most of the
areas of the tailings were bare.
IV. Discussion
A. The Waste Rock Dumps
Lichens are the pioneer species colonizing
the bare rock dumps. They covered about 13% of the
bare rocks of the examined areas. The diversity of
lichen species is limited and only seven genus were
recorded. Lecanora spp. and Cladonia sp, are the
two most abundant lichens found on the study area.
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r'ig . 5.15a A poorly survived patch of Paspalum distichum on
the iron ore tailings in December of 1977.
Fig. 5.15b A prosperous patch of Paspalum distichum on the
waterlogged areas of the iron ore tailings in
February of 1979. Another small patch of Neyraudia
arundinacea also present.
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Fig. 5.16 A group of plants was colonizing the areas around
a small gully Which received domestic sewage from
the nearby village houses.
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Lecan.ora. sp . A and sp . B comprised of about 50%
of the total coverage. The second most abundant
lichen, Cladonia sp . has fleshy green thalli protruded
from rock surfaces and all the thalli are restricted
to shaded areas and are absent totally on exposed
surfaces receiving direct sunlight . Moisture is
important to the growth of this genus on the dumps.
Different species of Cladonia were also found
abundantly on coal strip mines in Ohio (Lawrey, 1977).
Lecidea albocoerulescens contained atypical spores
in most of their fruiting bodies and spores of Buellia
sp-. w.ere mostly abortive. The fact indicates that
the lichens growing on the dump rocks are suffering
from some adverse factors. These factors may be
the extremes of temperature and the high metal
contents of the rock substrates. The temperature
of the rock surfaces exceeds 50°C most of the 'time
under direct sunlight in summer and the lichens may
suffer from direct roasting for a period as long
as eleven hours. The total heavy metal contents of
the rock substrates are high with the total amounts
of 1412 ppm Mn, 17470 ppm Fe, 200 ' ppm Zn, 104 ppm Pb
and 115 ppm Cu in the weathered rock substrates (see
Chapter 3). Lichens produced lichen acids are able
to solublize minerals on rocks and the subsequent
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uptake of heavy metals would occur.* Although lichens
accumulated high concentrations of heavy metals, such
as 90000 ppm Fe and 127 ppm Cr (Seaward, 1973), 5000
ppm Mn and more than 3000 ppm Pb (Seaward, 1974),
2500 ppm Zn and 335 ppm Cd (Nash, 1975), most of
these metals are entrapped in particle forms avoiding
toxicitie..s (Garty et al., 1979). The effects of
heavy metals which were taken up but not entrapped
into the phycobionts or mycobionts of the lichens
are still unknown. The poor growth performance of
the. lichen species especially Lecidea and Buellia,
may be caused. by the above two adverse factors. A
short period of moisture stress may occur at day time
but it is unlikely to be a limiting f actor to lichen
growth since a high relative humidity occurs daily
after the sunset at that high altitude. Lichens
play an important role in chemical weathering *of
rocks. Because of the high heavy metal contents
of the rocks, it is worthwhile- to investigate the
rate of transforming minerals of the mine waste rocks
into available minerals in soil substrates by lichens.
`There are moderate plant, covers on the terraces
of the dumps and sparsely distributed vegetation
communities on its slopes. A total of 37 higher
plant species were found on the terraces of the
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sampled areas whereas the slopes had only 19 species.
The total 'vegetation cover was 62.5% of the sampled
areas on the terraces and only 23% on the slopes.
The species recorded on the terraces were common
shrubs, herbs, Compositae and grasses found in Hong
Kong and no rare species were recorded. The dump
soils were lower in organic carbon and total nitrogen
but higher in available phosphorus contents (Table 3.1).
The essential mineral elements were similar to the
background soils and should be sufficient for normal
plant growth. The higher water soluble phosphorus
content of the dump soils may facilitate plant growth
on the dumps because it has been reported that soil
phosphorus was strongly correlated with the amount of
vegetative cover and the sum of density of all species
combined on mine dumps at Utah (Alvarez et al., 1974).
The toxic metals, manganese and lead were found to
be similar on the slopes and the terraces and were
higher than the background soils (Table 3.2). Therefore,
the poor, plant growth on the slopes were not due to the
high concentration of these metals. According to the
results, the terraces were more favourable for plant
growth than the slopes because it was less subjected
to temperature and low moisture stresses and contained
more stable surfaces and soil substrates.
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One of the main factors affecting.plant
colonization from the neighbouring grassland
communities was inadequate soil substrates On most
slope surfaces of the dumps and on some terraces
(Fig. 5.10). More soil substrates were found. *on
the surface of terraces which were mosaiced with
numerous small rock debris. Soil substrates were
lacked on the surface of slopes unless up to a
certain depth or in some cracks and levelled rock
surfaces with extensive weathering. Although
seedlings were found constantly on the slopes,
the growth of young plants was hindered under
insufficient soil conditions.
The concomitant factor which resulted from
inadequate soil substrates was the high surface
temperature. The weathered waste rocks has
irregular purplish brown surfaces and would absorb
more radiation than other unweathered rocks. It
was found that the maximum temperature on bare
rock surface at 2 p.m. in June, 1978 was 72°C
but the dumps with vegetation cover showed a
temperature ' of 33°C which was comparable to the
air temperature at the same time. A cover of
vegetation reduced the temperature at the surface
of rocks and soil substrates so that surface
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temperature became less important once vegetation
had established. The temperature of the meager
surface soil could rise rapidly and dry out in hot
seasons. This severe conditions could be unfavourable
for the es tablishment_ of seedlings or plants with
poorly developed root systems. It was reported
that high temperature was one of the potent factors
inhibiting plant colonization on anthracite spoils
and it would also induce secondary dormancy of seed
germination in Pinus strobus seeds and show injurious
effects on the cambial activity (Schramm, 1966).
The two most abundant plant species, Nephrolepis
cordif olia and Neyraudia arundinacea found on the
slopes of most dumps were adapted fairly well under
the high temperature and inadequate soil substrate
conditions. Nephrolepis cordifolia colonized the
bare rock dumps by means of underground rhizomes.
The newly established aerial parts of the rhizome
might settle very well on bare rocks without any soil
substrates but with mineral nutrients and water
supplied from the older parts. On the other hand,
the new roots produced from the rhizome could grow
downward until reached the soil substrates without
any problem of nutrient shortage. However, such a
shortage problem was important in seedlings which
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their root systems were not well-developed. Though
growing on the same slope of the dumps, vegetative
shoots have'the.advantage to colonize the bare ground
because nutrients could be supplied by extensive root
systems of the older portion. Moreover, the leaflets
of Nephrolepis cordifolia did not suffer from roasting
of high temperatures because the long, xerophytic
rachis raised the leaflets into the air above the
rocks surfaces.
A tall grass, Neyraudia arundinacea, was the
second most abundant plant species recorded on the
slopes. It produced seeds in December and seeds
matured at the end of January, in which fogs are
common at high altitudes in Hong Kong. The seedlings
grew vigorously on soil substrates and developed an
extensive fibrous root system before the coming of
summer. No significant establishment of seedlings
was noted on the dumps of ter March. All Neyraudia
arundinacea grew on soil substrates and they were
not found on bare rock dumps. The shadings from the.
aerial portion of the plant decreased the degree of
heat suffering on the basal part of the grass.
Other seedlings of shrubs and trees were found
on the slopes and their seeds were probably dropped
by birds. Some might establish and show good
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performance. It seemed that the macro- and
microclimate mainly controlled the development
of seedlings than other factors. Seedlings of
grasses and Compo s itae were found constantly on the
edge of well established plant communities adjacent
to the bare rock dumps. A natural disposition of
revegetating the bare dumps is occurring continuously
from the neighbouring plant communities.
The shortage of moisture was another factor
accompanied with high temperatures. There would
be less moisture stress in cool seasons provided
that no direct sunshine cast on the mine site.
Although the evapotranspiration rate of the mine
sites had not been measured, the slope surface of
the dumps contained sparse vegetation cover would
loss moisture quicker than the well-covered terraces,
as a result of rapid heating under direct solar
radiation. The low moisture content on the slope
would be a stress for the establishment of seedlings
and thus the speed of natural revegetation was
hindered. Furthermore, it must be noted that the
moisture stress occurred only at the midday period
of sunny days but the moisture content would rise
rapidly after sunset at that high altitude, especially
the dumps near the main tributaries of Tai Hang River.
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Unstable surfaces might be another force to
eliminate the existence of plants. Since the slopes
are generally steep at the dumps and the mine site,
soil particles are continuously eroded and washed
to lower dumps. It was observed that plants were
covered up frequently by eroded soil on unstable
surfaces of the old-mine site. In most unstable
slopes, no vegetation was found but once the
steepness decreased or gullies were formed,
vegetation became to grow on those more stable
surfaces (Fig. 5.17).
The phytosociological table in Table 5.4
revealed that two major groups of species were found
on the terraces. Group 1 of the terrace plant community
occurred at the higher dumps and Group 2 occurred at-
the lower ones. Group la contained mainly the member
of coarse grasses which could grow and survive under
drought and exposed surfaces with small soil substrates.
Neyraudia arundinacea and Ischaemuin spp. were the
representative species on the terraces and they were
also found on poor soil substrates or disturbed areas
in-most hillside slopes of Hong Kong. A mountain
Compositae, Aster baccharoides was found at the higher
altitudes of the dumps as well as the background soils.
Group lb contained six different species of shrubs
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Fig. 5.17 The unstable slope was devoid of vegetation and
grasses grew in gullies because less erosion
occurred there.
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and two of which, Dicranopteris linearis and Rhodomyr. tus
tomentosa, are abundant on hillsides of Hong Kong.
Group 2 contained mainly fine grasses which restricted
to fine soil substrates with a supply of constant
moisture. Group 2a consisted of only one grass species,
Ischaemum aristatum which overlapped with Group la and
occurred throughout Group 2. The lower dumps contained
more soil substrates than the higher dumps and received
materials washed from the upper slope. Low moisture
stresses were less severe as the lower dumps lining
up the main tributaries of Tai Hang River. Under
this situation, the upper dumps supported a group
of coarse grass species and other herbs which could
grow on such poor soil conditions especially drought.
The lower dumps supported another entirely different
group of fine grass species which require more soil
substrates and mineral nutrients, as well as moisture
for their growth.
The plant communities on the slopes of dumps
were totally different from the terraces. According
to Table 5.5, Group I of the slope community consisted
mainly Nephrolepis cordifolia which seemed to possess
a superior adaptability to the harmful conditions on
the upper rocky slopes of the dumps. The only grass
in Group 2a, Neyraudia arundinacea overlapped with
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some of the Nephrolepis cordifolia population between
the higher and lower dumps. As more soil substrates
occurred at the slopes of lower dumps, Nephrolepis
cordifolia was replaced by other coarse grass species
in Group 2b such as Miscanthus floridulus and
Arundinella nepalensis. Because of the instability
of slope surfaces and the poor conditions of soil
substrates, the slope could only support the growth
of coarse grass species and some Compositae throughout
all the lower dumps except a fine grass in Group 2b,
Pogonatherum critinum. It was found on low-angled
slopes and in gullies of the lower dumps. This
indicated that soil substrates and soil surface
stability were of paramount importance in restricting
the growth of many plant species at the slopes of
the mine site.
Species of 100% affinity for slopes were
Nephrolepis cordifolia, Cheilanthes hirsuta, Blechnum
orientale and Breynia fruticosa. The first three
species were ferns. The high percentage of affinity
might be a result of their high adaptability to
the serious environmental stresses existed on the
slopes. Nephrolepis cordifolia was less common
and was not found at most hillsides of Hong Kong.
However, they grew reasonably well at the dumps
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because of the low pressure of competition against
other plant species. C. hirsuta and Blechnum orientale
were more common plant species. The seedlings of
Breynia fruticosa and Sonchus spp. were found to
grow successfully on the slopes but their adult plants
were seldomly found on some slopes. The seeds of
.the former plant were dispersed on the slopes by
birds and the latter by wind.
Although grass species did not show a 100%
affinity for slopes, they were higher in numbers and
diversity than the Compositae species and other shrubs
on the. slopes and the terraces of the dumps. The
grasses showed a good adaptability to grow under
different environmental conditions at the mine
sites. Therefore, grasses have the highest potential
to revegetate the dumps under natural conditions.
There were twenty two species including ferns,
mountain Compositae, woody shrubs and fine grass
species, showing a zero percentage affinity for
slopes (Table 5,3). All these 22 plant species are
commonly found on the hillslopes of Hong Kong but
they failed to establish their seedlings on the slopes
as well as to grow on the poor substrates.
The natural plant colonization occurred
apparently on the bare rock dumps from adjacent
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undistributed areas and it showed a*special pattern.
The pioneer species of higher plant colonizing the
bare rocks was the fern, Nephrolepis cordifolia.
Another fern, Blechnum orientale was usually located
at the full-grown community of N. cordifolia. These
ferns would be eliminated sooner or later once the
area had been invaded by other plants. The ferns
then grew towards the bare rock dumps where
competition against other species were usually low.
The f ullgrown community of these ferns were constantly
replaced by other grass species such as Cymbopogon
spp. and Arundinella nepalensis. The decomposing
plant litter of these ferns were still found on
the soil surface of these grass community. The
replacement of two ferns by grasses might be a
result of a number of factors. Once the ferns had
established, the surface temperature would be 'lowered
and able to retain more moisture under the shading
of aerial parts of the ferns. In addition, more
weathered soil substrates and moisture were held
by the extensive root system of these ferns. The
decrease of environmental stresses was favourable
to the establishment of other plant seedlings.
The modification of soil substrates by the two
grasses, Cymbopogon spp. and A. nepalensis led
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to a subsequent replacement by the abundant grass
species of Ischaemum spp. and Eulalia spp. from
the nearby uncontaminated areas.
B. The Containment Dam
The surface of the containment dam became
contaminated with iron ore tailings because it was
pulled down in 1978, two years after mining operations
have been stopped.. The dam was originally constructed
with background soils. Since the amount of tailing
contamination was small, the soluble salt contents
of the tailings would have less harmful effects on
plant growth. This agreed with the result that the
immediate area of the dam had moderate high plant
covers. Twenty four species were recorded on the
small dam area which consisted of two-third of the
total plant species recorded at the tailings. It
was further supported by the fact that various
seeds of natural sources germinated successfully
in spring and seedlings could survive in a good
condition for a period of time before the coming
of the hot summer.
Most seedlings were eliminated in summer and
the high surface temperature and drought on the dam
area may be two important factors. They are discussed
in the next section. Plants growing at the dam area
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might suffer from the effect of salinity from the
wave. The maritime species on the dam would adapt
the slightly saline environment by its inheritable
characters without any problems. The degree of
salt contamination is expected to be rather low
because most of the seedlings other than the
maritime species could thrive normally.
The three most abundant species, two grasses
(Rhynchelytrurn repens and Neyraudia arundinacea)
and a compositae (Wedelia prostrata) colonized the
dam area by the same means of wind dispersal. Wind
dispersal of seeds seemed to be the most dominant
and simple way to colonize the dam area from the ambient
plant communities. Seeds might also colonize the
area with other methods such as animal dispersal
by birds or mammals.
The darn area may practically serve as a centre
for seed production and seeds can colonize the adjacent
tailings. The dam area has the salve ma.croclimate as
the tailings and a further investigation on the edaphic
factors of the soil of the dam would ' be essential
because the differences of these factors between
the dam and the tailings may reveal the possible
answer to the low coverage on the tailings. This
information would be also useful in the reclamation
of tailings.
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C. The Iron Ore Tailings
The plant species found on the iron ore tailings
were so sparse that no appropriate quantative method
could be applied on this area. Most plant species
established on the tailings were herbaceous. Grasses
and Compositae were the two major groups of plant
and these plants were also abundant in the nearby
plant communities around the tailings. These
surrounding areas provided as a seed source for the
iron ore tailings. Although the tailings were
deposited on the coastal area and were permanently
influenced by seawater,no- halophytes- were found. A
number of plants including Ipomoea brasiliensis,
Cynodon dactylon, Canav.alia maritima, Pandanus
furcatus, Cyperus spp. and Fimbristylis polytrichoides
occurred at the tailings are common in other beaches
of Hong Kong (Hu, 1974). These species could adapt
a certain degree of salinity and they were found
mostly near the unexcavated iron ore tailings lining
the boundary of the tidal region. However, the
plants on the tailings also suffered a number of
adverse environmental factors such as alkalinity,
salinity, high soluble heavy metal contents, a
lack of organic matter, extremes of temperature
and low moisture stress. These factors are discussed
below.
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The plants growing on the iron ore tailings
might suffer a slight alkalinity since the pH of the
iron ore tailings are about 8.2. The physiology
of plants on alkaline soils are well documented and
the soil may cause. iron chlorosis and salinity
toxicity (Brown, 1978). Chlorosis occurred in
some small plants such as Sida rhombifolia and
Cynodon dactylon (Fig. 5.18) at the unexcavated
tailings. Although the total iron content is
high in the iron ore tailings, it would appear
that most of the iron in the tailings is tied up
possibly in iron-calcium complexes at that alkaline
pH (Ludwig, personal communication). It has been
shown that iron is leached and becomes available in
soil (tailing) solution under the leaching action
of acidic rainwaters in the previous chapter. Iron
chlorosis would be unlikely to occur in most plants
at the alkaline tailings but high levels of other
heavy metals may contribute an important role to
cause iron-deficiency chlorosis in some plants,
e.g. excess zinc and copper could cause iron-
deficiency chlorosis in plants (Milbocker, 1974
Spencer, 1966). The interactions of heavy metals
at the iron ore tailings are not known at the
present status without suitable laboratory experiments.
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Fig. 5.18 Iron chlorosis occurred on the young leaf of
Cynodon dactylon growing on the sandy iron
ore tailing in the field.
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Sodium, calcium and magnesium ions contribute
to soil salinity (Bernstein, 1975). These cations
are abundant on the iron ore tailings with the
calculated total salinity value* of 9.00 m.e.
salts/100 g soil which was considered to be of moderate
salinity class (Hesse, 1971). However,, the calculated
total salinity value of the background was only 0.01
m. e. salts/100 g soil. Therefore, salinity seemed
to be a serious problem for plant growth. The
effects of such a large amount of Mg, Ca, K and Na
ions on plants were obscured on the iron ore tailings.
Despite of their ion toxicities, the presence of
abundant content of soluble salts at least caused
osmotic stresses and ionic imbalance in plant
growth.
Although the iron ore. tailings possess large
amounts of Ca, Mg, K and Na, there is a lack of total
nitrogen and organic carbon content. Nitrogen in
the form of nitrates is very important in plant
growth processes since it is'the essential backbone
of amino acids, nucleic acids and other amides in
plant cells (Devlin, 1969). The lack of available
'Total salinity value (1:5 extract)
trom USDA handbook no.60`tT954).
=K250ms/cm x 5
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nitrogen in the tailings impair the plant growths.
Water soluble phosphorus on the tailings in the
form of phosphate is moderately higher than the
background soils at pH 7 but it would occur
predominantly in tricalcium or other --insoluble
forms in alkaline -conditions (Simkins and Overdahl,
1978). Def initely., , the amounts of phosphate
obtained at neutral pH would be less available
under alkaline field conditions of about pH 8.2.
It is essential to study the factors influencing
the solubility of phosphorus in the future.
Extremes of temperature as a result of solar
heating by day and cooling at night was very marked
on the iron ore tailings. A two days' temperature
fluctuation diagram at the surface of the tailings
is shown in Fig. 5.19. The first day was a cloudy
day with isolated period of sunshine at the
beginning of summer (8th, •May) and the following
was a sunny day. The maximum and minimum temperatures
recorded on the surface of tailings were 56°C and
19°C respectively. A diurnal temperature difference
of.about 37°C was observed and it was expected that
hotter days with greater diurnal temperature
f luc-tuations may occur in mid-summer. It would be












Fig. 5.19 Temperature fluctuations at the surface fo the iron are tailings
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under such extremes of temperature as long as 14
hours every day. The normal physiological processes
of higher plants are also likely to be disturbed
under such high temperatures
The original tailings were classified as silty
clay (Wong and Tam, 1977) and surface crusts were
common on the surface of the tailings. Upon drying,
the crusts could effectively retain moisture from
the deeper part of the tailings but at the same
time it would hinder root penetration. None of
the clayey crusts is observed after the excavation
of the iron ore tailings. Because of the sandy
nature of the newly exposed tailings with a rather low
water holding capacity (Table 3.1). Moisture would
be lost quickly via evaporation under a low relative
humidity and hot, sunny days and a large area of
dry and hot sandy tailings was left on the surface.
The, high temperature and low moisture stresses
are responsible for the xerophytic appearances of
some plants such as Cynodon dactylon and Fimbristylis -
polytrichoides. Assuming other factors were
favourable for plant establishment and subsequent
growth, the low moisture stress and extremes of
temperature of the tailings would handicap all
growing activities in seedlings.
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D. The Waterlogged Tailings
In waterlogged environments a number of adverse
factors including oxygen deficiency, carbon dioxide
toxicity and toxicities of manganous ions and ferrous
ions (Martin, 1968), may prevent the growth of certain
plant species.
The only vigorously growing grass species,
Paspalum distichum , was found on the waterlogged
tailings. It colonized the rest of the flooded area
rapidly. The waterlogged areas contained a high
salinity since it has been flooded. by seawater.
The calculated total salinity value was 17.3 m.e.
salts/100 g soil. The flooding of seawater ameliorates
partially the problem of low moisture stresses and
the extremes of temperatures but also gives rise to
osmotic imbalances in plant growth. It seems that
P. distichum could adapt to grow in saline
environments. The high contents of soluble phosphate
and the loamy structure of the waterlogged tailings
are suitable for plant growth. The high soluble
manganese and iron may be responsible for the
vigorous growth of P. distichum, It was reported
that the addition of iron at 10 ppm increased the
dry matter yield significantly in graminaceious
plants under saline conditions (Dahiya and Singh,
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1976). It was also found that addition .of - manganes e
to saline soil accelerated plant growth and significantly
increased yields in saline soil. However, under non-
saline conditions, the plants did not respond to the
addition of manganese (Ravikovitch and Navrot, 1976).
The findings of the above authors might be a partial
explanation of the vigorous growth of P. distichum
on the waterlogged tailings but the real causal
factors must be investigated in further studies
before making a definite conclusion.
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CHAPTER SIX
A survey of metal contamination in vegetation at the
mine site and the iron ore tailings
I. Introduction
A widespread of heavy metal contaminations in soil
occurred.in mining areas, metal smelters and industrialized
areas (see Chapter 3). The vegetation on these metal
contaminated areas are usually of sparse distribution. In
fact, the vegetation growing on those areas take up various
amounts of heavy metals. For example, the contamination of
high levels of -lead, zinc and calcium was found in eight
species at two lead mine sites in North Wales and Scotland.
The range of metal contamination was 5-650 ppm in lead,
28-375 ppm in zinc and 415-2150 ppm in calcium (Johnson
and Proctor, 1977). The maximum value of 623 ppm zinc was
taken up by a grass, Festuca rubraat disused mine sites
in Wales (Johnson et al., 1978). A detail investigation
has been conducted on the uptake of lead and zinc by
lichens, mosses and higher plants at nine different mine
sites in Yorkshire and Derbyshire, U.K. The levels of
metal content varied from 20-25000 ppm zinc and 15-2740
ppm lead (Shimwell and Lauvie, 1972). The heavy metal
uptake in a total of 34 species of lichens, bryophytes,
vascular cryptogams, herbaceous phanerogams and woody
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phanerogams was carried out in coal strip mines in Ohio,
U.S.A. and the vegetation generally contained higher amounts
of iron, aluminium, and zinc than the control site (Lawrey,
1977). A silver contamination of vegetation -of about 30
folds higher than the background vegetation occurred near
a silver mine and a treatment plant at Maratoto, New
Zealand. The highest level of silver was found in Anthoxanthum
odartum among 8 species and its roots and leaves contained
2.09 ppm and 2.49 ppm silver respectively (Ward et-al., 1977).
An increased level of heavy metal uptake in vegetation was
found in a pyrite-bearing mine tailings in Canada with 263 ppm
zinc, 14 ppm copper, 73 ppm manganese and 391 ppm iron in reed
canary grass' and 225 ppm zinc, 13 ppm copper, 495 ppm manganese
and 553 ppm iron in buckwheat' (McClean and Dekker, 1976).
A contamination of zinc, copper and manganese was found in
three graminaceous plants with a range of 590-3866 ppm
zinc, 27.4-70.4 ppm copper and 413-1338 ppm manganese in shoot
on an acid mine spoil at Foxlow, Australia (Pinkerton and
Simpson, 1977). A grass, Neyraudia reynaudiana was found
contaminated with 850 ppm manganese, 11920 ppm iron, 28 ppm
copper, 410 ppm zinc and 167 ppm lead at the iron ore
tailings in-Hong Kong (Wong and Tani, 1977).
Environmental contamination from various heavy metals
in soil and vegetation has been frequently reported from the
vicinity of smelting complexes. A moderate high level of
*No scientific name was given in the paper.
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nickel, copper, zinc, aluminium, iron and manganese was
found in three plant species growing in the Sudbury mining
and smelting region of Canada (Hutchinson. and Whitby,
1974). A contamination of arsenic and lead was found
near a secondary lead smelter with a range of 27-1430 ppm
lead and 0.4-33 ppm arsenic in the foliage of different
grass, shrub and tree species in southern Ontario of Canada
(Temple et al., 1977) A metal contamination on the
leaves of Quercus robur was found near a lead and zinc
smelter in Polland with 2562 ppm iron, 3706 ppm zinc
and 2489 ppm lead in the foliage (Godzik et al., 1979).
The contamination of essential mineral elements such
as calcium and magnesium are usually of less concern but
these cations would also affect the growth of plants. The
best example is the alkaline serpentine soils which contain
a high content, of magnesium, rich in nickel, chromium and
cobalt and are deficient in major plant nutrients (Proctor
and Woodell,.1971 Shewry and Peterson, 1975 Lyon et al.,
1971 Proctor et al,, 1975) . The vegetation of the
serpentine soils usually have a high' uptake of magnesium
under an excess Mg/Ca ratio (Shewry and Peterson, 1975
Proctor, 1971)`'and an increase amount of nickel and
chromium in the plant tissues (Lyon et al., 1971 Proctor,
1971 Proctor, 1975).
224
The amounts of heavy metals in metalliferous spoils
are so high that normal development of vegetation would be
inhibited. However, a few plant species have colonized
these mine spoils successfully with typical plant communities
(Bradshaw, 1.952 Jowett, 1958 Antonovics et al... 1971
Bradshaw, 1975). These plants resisted metal contamination
by being genetically tolerant against those heavy metals
abundant in their habitat (Gregory and Bradshaw, 1965
Gadgil, 1969 Bradshaw, 1975). No mechanisms for excluding
heavy metals have been found (Ernst, 1975). However, the
excess amounts of heavy metals took up by the tolerant
plant populations are mainly chelated in the cell wall
of the roots so that a smaller amount of these metals reach
the cytoplasm (Peterson, 1969 Turner, 1970 Ernst, 1972).
Metals absorbed in the cytoplasm are transported to the
vacuole and are deposited in innocuous forms by increasing
the concentrations of some metabolites that antagonize
heavy metals (Ernst, 1975 Mathys, 1975). The high level
of heavy metals in soil are considered as a powerful
selection on any appropriate vegetation and cause evolutionary
changes in the population rapidly (Bradshaw, 1975).
Although it has been reported that Neyraudia reynaudiana
took up excess amount of iron and other heavy metals at
the iron ore tailings (Wong and Tam, 1977), there is a lack
of information on the metal contamination of vegetation at
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the mine site. This chapter is devoted to compare the
metal contamination in the ' vegetation of the mine site, the
iron ore tailings and those growing on the nearby uncon-
taminated areas. It is also attempted to correlate the
amounts of metal uptake in plants, the content of essential
mineral elements (Mg, Ca, K and Na) and heavy metals in
the dump soil, the tailings and the uncontaminated soils.
The present study would also serve as a preliminary survey
for searching plant species with potential metal-tolerance,
according to the information of metal uptake.
II. Materials and Methods
Different plant species were collected from the i-Aon
ore tailings and the waste rock dumps in March of 1978.
Same species were sampled on uncontaminated areas of the
background soils at the same time. Because some species
are restricted on the contaminated areas, no comparison can
be made between these plants to the background vegetation.
The sampled species are listed in Table 6.1.
Each species-comprising of 10 or more individuals
was collected randomly into plastic bags at each site. The
sampled materials were transferred to the laboratory and
processed immediately. The soil and dust particles attached
on the plant organs were washed off by deionized water.
Five or more changes of deionized water were used until
no soil particles were detected visually. Plants were
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Table 6.1 The plant species collected in March, 1978 at the
iron ore tailings and the mine dumps for the metal

































x the species which had been sampled
□ the sampled species only found on the sampling site.
the control plants were collected from uncontaminated areas of
the background soils.
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then dried in an over at 105°C until constant dry weights
were obtained. All plant materials were sealed and stored
in plastic bags prior to digestion.
The roots, stems and leaves of the plant materials were
digested separately using wet acid digestion described by
Allen et al. (1974). The plant. organs were broken into small
pieces either by hand or with a pair of stainless steel
scissors & they were then mixed homogenously. Three replicates
were used for each plant organ. 0.2 g oven dried plant
tissues were placed into a 100 ml Kjeldahl flask and digested with
Glass6.5 ml acid mixture (
funnels of 50 mm in diameter were fitted on the mouth of Kjeldah1
flasks to act as reflux condensers. The digestion was completed.
until the digest was clear. The digests were cooled, filtered
through Whatman No. 42 filter paper and then diluted to 50 ml
with glass distilled water. All digested samples were stored
in 1 + 1 HNO3 rinsed 60 ml polyethylene bottles in a cold
room at 4°C before metal analyses.
The amount of calcium, magnesium, potassium, sodium,
iron, manganese, zinc, copper and lead were determined
by an atomic absorption spectrophotometer using absorption
mode (Shandon Southern, Model: 3600).
III. Results
A. The Iron Ore Tailings
The amounts of metal contents in vegetation growing
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on the iron ore tailings are listed in Tables 6.2 - 6.15.
i) Ageratum conyzoides (Table 6.2)
The most serious contaminated organ was the root
system of this Compositae. All tested metals except
copper were higher in the root of A. conyzoides growing
on the tailings than those on the backgrouns soil.
The content of potassium was 2.24% in leaves and was
the highest amount of potassium among all species
collected from the tailings. The plant organs usually
took up excess calcium and magnesium ranging from
0.23 - 1.07%. A severe contamination of sodium
occurred at roots and leaves of this plant in a
magnitude of 17.5 and 11.6 fold higher than the
control but the stem contained the lowest content
of sodium among all species collected from the
tailings. The heavy metal contents of the con-
taminated root were 1625.2 ppm Fe, 74.9 ppm Mn,
202..3 ppm Zn and 78.2 ppm Pb and they were 7.6,
2.5, 2.6 and 1.6 fold higher than the control.
ii) Bidens pilosa (Table 6.3)
All plant organs of this Compos itae collected
from the tailings had excess amounts of calcium
(0.34 - 1.37%) and magnesium (0.19 - 0.48%). The
concentrations of potassium was high in the plants
collected from the contaminated as well as the
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Table 6.2 The metal contents in roots, stems and leaves of Ageratum conyzoides growing on the






0.050.58b0.35 0.02 0.09**d 0.04Sodium (%)
213.81625.2 393.3c 387.5b57.4 164.6Iron (ppm)
29.974.9 22.957.3d 80.478.4Manganese (ppm)
202.3 272.577.0 73.0 138.6 113.9Zinc (ppm)
78.2 48.3 40.5Lead (ppm) 64.7 66.8 78.5
24.9 22.7 10.3Copper (ppm) 10.2 23.1 28.4
The highest content of potassium among all the species collected from the tailings.







Table 6.3 The metal contents in roots, stems and leaves of Bidens pilosa growing on the iron







961.01933.01853.0 191.0Iron (ppm) 517.7c 317.6
114.2 105.9 191.6d71.6d 43.1 74.0Manganese (ppm)
105.1e 92.6 135.6c 242.5a71.3 94.0Zinc (ppm)
99.0d 38.0 93.0 58.4 102.6eLead (ppm) 60.0












uncontaminated sites (1.02 -- 1.75%). The degree
of sodium contamination was low in roots and was
insignificant in stems and leaves as compared with
the control. The.heavy metal contents of the roots.
growing on the tailings were similar to the control
except the content of lead (99.0 ppm) which was
2.6 fold. However, the stems and leaves of the
contaminated sites took. up higher amounts of all
heavy metals. The highest contents of these
metals were 1853 ppm Fe (rt) 191.6 ppm Mn (lf)
242.5 ppm Zn (1f), 102.6 ppm Pb (lf) and .59.5 ppm
Zn (lf)..
iii) Clerodendron inerme (Table 6.4)
Since the fine roots were located too deep to
be excavated at the control site, there was no
comparison of the roots of this shrub growing on
the tailings and the control site. The amounts
of calcium, magnesium and potassium in stems and
leaves of the tailings were comparable to the
control. The leaves of this species concentrated
2.28% sodium which was 5.3 fold higher than the
control and was the highest content among all
* rt means roots
** if means leaves
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Table 6.4 The metal contents in roots, stems and leaves of Clerodendron inerme growing on the










143.9c 38.3028.1 49.1Lead (ppm)
0 24.615.158.5d45.5Copper (ppm)
The highest content of sodium among all the species collected from the tailings.












species collected from the tailings. A low degree
of heavy metal contamination occurred in different
plant organs of the tailings and the highest amounts
of heavy metals were 345 ppm Fe (st) *, 62.8 ppm
Mn (1f), 139.6 ppm Zn (st) , 143.0 ppm. Pb (if) and
58.5 ppm Cu (s t) . The lowest amount of manganese
among all species collected from the tailings was
found in the root of this plant.
iv) Cynodon dactylor_ (Table 6.5)
The content of magnesium (0.41%) and calcium
(0.41%) were found to be concentrated at the root
portion of this grass on the tailings. A high
sodium concentration ranging from 0.28 - 0.58%
was found in the plant. The potassium contents
of the plant were generally lower than the control.
The contaminated roots took up 2644.6 ppm Fe and
186.0 ppm Mn but the content of iron and manganese
were lower in stems and leaves. The zinc contents
of the roots (72.3 ppm) and stems (136.6 ppm) were
lower than the control. According to the table,
it was obvious that all plant organs took up excesE
contents of lead (61 - 80.7 ppm) and copper (22.9 -
82.6 ppm) on the tailings. The highest content
* st means stems
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Table 6.5 The metal contents in roots, stems and leaves of Cynodon dactylon growing on the
iron ore tailings and the background soils. (Each value was a mean of 3 replicates)
LeavesStemsRoots





33.6274.0 350.1591.02644.6 1402.0Iron (ppm)
27.8c 40.1b 100.7186.0 112.2 95.5Manganese (ppm)
198.6175.3 136.6 140.4b72.3 111.9Zinc (ppm)
70.3 58.5 80.7e 61.0e 26.554.8Lead (ppm)
082.6* 22.90 31.9 0Copper (ppm)







of copper among all species collected from the tailings
was found in the root of this grass.
v) Emilia sonchifolias (Table 6.6)
The content of calcium (0.26 - 10.5%) and magnesium
(0.3 - .0.9%) were higher than the background vegetation
ranging from 2.2 to 6.2 folds. The highest content
of magnesium among all the species collected for the
tailings was found in the leaf of this Compositae.
The concentration of potassium was higher in roots
(0.3%) but lower in other parts as compared with
the control. A high contamination of sodium was
found in this plant with values ranging from 0.14 -
0.18%. The contents of iron, manganese and copper
were high in all organs with the maximum values
of 1047 ppm Fe (st), 145.1 ppm Mn (lf) and 44.7
ppm Cu (1f). The highest content of zinc among
all the species collected from the tailings
was found in the root whereas the lowest content
of lead was found in the leaf. The content of
lead was generally lower than the background
vegetation.
vi) Lantana camara (Table 6.7)
Since the fine roots were located too deep to
be excavated at the control site, comparison of the
roots could not be made between the tailings and
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Table 6.6 The metal contents in roots, stems and leaves of Emilia sonchifolias growing on the





1.78 1.842.120.921.46 0.85Potassium (%)
0.15c 0.18 0.12 1.14 0.030.06Sodium (%)
675.2c 89.3 1047.0 75.9 774.5 99.2Iron (ppm)
101.3 208.4 115.7 44.6 145.1 124.0Manganese (ppm)
106.9492. 9** 115.6 62.5Zinc (ppm) 420.4 156.0
30.4 95.6 49.6Lead (ppm) 75.7 16.5 40.0
27.0 16.6 55.1Copper (ppm) 7.8 44.7 18.8
The highest content of magnesium among all the species collected from the tailings.
The highest content of zinc among all the species collected from the tailings.








Table 6.7 The metal contents in roots, stems and leaves of Lantana camara growing on the





1.10 0.240.63*a 0.110.67Potassium (%)
1.91 0.44a0.43e 0.04 0.03Sodium (%)
1538.7 289.3c 295.3b67.6 95.3Iron (ppm)
178.2 74.5a 121.4 115.6aManganese (ppm) 309.2
242.9 59.3eZinc (ppm) 96.2 89.7 85.1
233.9 57.8Lead (ppm) 42.1 89.8 48.6
37.9Copper (ppm) 17.4 0 32.7 22.4












the control site. The contents of calcium (0.10 -
0.56%) and potassium (0.63 -- 1.10%) of the stems
and leaves from the tailings were higher than the
control but the concentration of magnesium (0.13 -
0.49%) was lower. The lowest content of potassium
among all the species collected from the tailings
was found in the stem of this shrub. The uptake
of sodium (0.43 - 0.44%) was high in stems and
leaves from the tailings and was about 14.7 fold
higher than the control. The contents of manganese
and zinc were lower or comparable to control.
However, the contents of iron, lead and copper of
leaves and stems were higher in contaminated areas
with the maximum values of 1538.7 ppm Fe, 223.9 ppm
Pb and 37.9 ppm Cu in the roots.
vii) Rhynchelytrum repens (Table 6.8)
The contents of calcium, magnesium, potassium
and sodium were higher in all plant organs collected
from the tailings except the low contents of
potassium and sodium in stems. The most serious
contaminated portion of sodium was in roots.
Besides manganese, the contamination of heavy metals
occurred in the plant with their maximum values of
1942.1 ppm Fe, 301.6 ppm Zn, 200.6 ppm Pb and 22.8
ppm Cu in the roots.
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Table 6.8 The metal contents in roots, stems and leaves of Rhynchelytrum repens growing on the
iron ore tailings and the background soils. (Each value was a mean of 3 replicates)
LeavesStemsRoots
Tailings ControlTailings ControlTailings Control
0.06 0.110.24c0.190.020.15Calcium (%)
0.28e 0.230.150.07 0.26c0.30Magnesium (%)
1.09 0.750.62 0.810.89 0.76Potassium (%)
0.17 0.02 0.06a 0.09a0.09 0.03Sodium (%)
1942.1d 469.6 197.6 156.8 477.2a 153.0Iron (ppm)
144.7 170.6 72.3 159.0 63.2c 170.3Manganese (ppm)
301.6e 96.2 197.6 131.3Zinc (ppm) 276.1a 98.9
200.6d 12.1Lead (ppm) 43.4 0 43.6 39.0







viii) Sida rhombifolia (Table 6.9)
A low degree of contamination of calcium
(0.23-0.98%), magnesium (0.27-0.41%), iron (439.5-
883.7 ppm), zinc (138.1-225.9 ppm) and copper (8.6--
19.6 ppm) was found in the plants growing on the
tailings. Although the plant located near the
tidal zone of the tailings, the amount of sodium
uptake was low. The values of other heavy metals
such as manganese and lead were similar to the
control.
ix) Urena lobata (Table* 6.10)
There was a higher calcium content in the
contaminated stems and leaves with values of 1.18%
and 2.11% respectively but the amount of calcium
in roots was only 0.77%. The calcium content of
leaves was the highest among all the species collected
from the tailings. A contamination of magnesium
and sodium was found in all plant organs. The
concentration of potassium was higher in contamin-
ated leaves but lower in stems and roots as compared
with the control. All heavy metals of the plant
collected from the tailings were higher than the
background vegetation with all the maximum values
of 2128.8 ppm Fe, 279.6 ppm Mn, 239.9 ppm Zn,
141.5 ppm Pb and 47.2 ppm Cu in the contaminated leaves.
241
Table 6.9 The metal contents in roots, stems and leaves of Sida rhombifolia growing on the




0.41b 0.250.27e 0.180.070.35Magnesium (%)
0.92c 1.321.02 0.464 1.090.98Potassium (%)
0.02 0.05 0.050.05 0.07 1.21Sodium (%)
883.7d 224.7 439.5d 101.5 120.8787.9Iron (ppm)
58.9 60.4 37.7b 105.734.8 42.9Manganese (ppm)
162.0e 83.2 138.1 127.8 225.9cZinc (ppm) 139.5
44.2 50.2 37.7 63.6Lead (ppm) 39.7 75.8












Table 6.10 The metal contents in roots, stems and leaves of Urena lobata growing on the









239.9a 128.1145.2d 92.463.5105.4eZinc (ppm)
0141.5d60.8 47.1 38.877.8Lead (ppm)












x) Paspalum distichum (Table 6.11)
This grass species was different from other
species because it contained the lowest content of
calcium (0.04%) and iron (65.4 ppm) in stems but
the highest content of iron (4009.1 ppm), manganese
(352.7 ppm) and lead (449.7 ppm) in roots among all
the species collected from the tailings. The
calcium content was lower than other species with
the value of 0.21%.- There was a low degree of
sodium contamination in roots (0.81%) and leaves
(0.88%). The overall uptake of heavy metals was
generally high.in this species.
xi) Fimbristylis polytrichoides (Table 6.12)
The magnesium,potassium and sodium contents of
the roots were higher than the shoots. The concent-
ration of potassium in roots (1.19%) was relatively
high. However, no significant sodium uptake was
found. The root contained larger amounts of metals
than the shoots with 91.3 ppm Mn, 210.8 ppm Zn,
156.3 ppm.Pb and 56 ppm Cu. The shoot contained
233.3 ppm Fe which was higher than the former.
xii) Ipomoea brasiliensis (Table 6.13)
The contents of calcium, magnesium and sodium
in the leaves, stems and roots of this shrub were in
descending orders. No significant sodium uptake was
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Table 6.11 The metal contents in roots, stems and leaves of
Paspalum distichum* growing on the iron ore
tailings. (Each value was a mean of 3 replicates j
Roots Stems Leaves
0.21 0.1% 0.15Calcium (%)
Magnesium 0.49 0.10 0.22
2.22 0.87 1.64Potassium (%)
0.82 0.32 0.88Sodium (%)
4009.1 65.4 411.6Iron (ppm)
14.6 86.1352.7**Manganese (ppm)
28.5 19.4 68.7Zinc (ppm)
81.5449.7** 49.5Lead (ppm)
0 0 8.9Copper (ppm)
* This species was only found on the iron ore tailings.
The highest metal content among all the species collected
from the tailings.
The lowest metal content among all the species collected
from the tailings.
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Table 6.12 The metal.-contents in roots and shoots of
Fimbristylis polytrichoides* growing on the
iron ore tailings. (Each value was a mean











This species was only found on the iron ore tailings.
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Table 6.13 The metal contents in roots, stems-.arid leaves of
Iponoea brasiliensis* growing on the iron ore
tailings. (Each value was a mean of 3 replicates )
Roots Stems Leaves
0.19 0.37 0.74Calcium (%)
0.18 0.30 0.29Magnesium (%)
1.08 0.84 1.09Potassium (%)
0.15 0.21 0.31Sodium (%)
367.5 435.4 303.2Iron (ppm)
42.4 40.0 63.8Manganese (ppm)
131.5 156.8 78.8Zinc (ppm)
49.4 46.7 71.2Lead (ppm)
13.3 19.3 17.9Copper (ppm)
* This species was only found on the iron ore tailings.
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recorded in plant organs and the highest-sodium
concentration was 0.31%. in - leaves . However, the
potassium contents of leaf and root were very high
with concentrations about 1.08%. The stem or
rhizome contained the highest amount of heavy metals
among all organs, with the concentrations of
435.4 ppm Fe, 40 ppm Mn, 156.8 ppm Zn, 46.7 ppm Pb
and 19.3 ppm Cu.
xiii) Pandanus furcatus (Table 6.14)
The contents of all the metals were higher in
the roots than the shoots except potassium and
zinc. There was a high uptake of sodium in roots
(2.06%) but a low uptake in the shoots (0.79%). The
roots concentrated large amounts of heavy metals
with 1132.6 ppm Fe, 90.8 ppm Mn, 137.5 ppm Pb and
50.0 ppm Cu.
xiv) Neyraudia arundinacea (Table 6.15)
Since N. arundinacea was not found in
undisturbed areas, the metal contents of this plant
collected from the tailings were-compared with
those from the dumps. The concentrations of
calcium and magnesium of plant organs at the tailings
were higher than the dumps. There was an extremely
low content of calcium (0-0.09%) and magnesium (0.03-
0.12%) in the plant organs from the dumps. The
Table 6.14 The metal contents in roots and shoots of
Pandanus furcatus* growing on the iron ore












*This species was only found on the iron ore tailings.
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Table 6.15 The metal contents in roots, stems and leaves of Neyraudia arundinacea* growing on








19.0c 261.3257.967.5 45.3 93.4eManganese (ppm)
174.1 147.5 17.0***a50.739.7e 50.1Zinc (ppm)
80.4b 328.9 53.9 57.1 60.3 33.2Lead (ppm)
12.725.9 52.0 10.5 19.7Copper (ppm) 0
This species was only found on the iron ore tailings and the waste rock dumps.
The lowest content of magnesium among all the species collected from the tailings.












content of potassium was comparable between the
plants of two sites. A- low degree of sodium contam-
ination was found in ,she roots (0.08%) and stems.
(0.15%) of this plant growing on the tailings.
However, the heavy metal contents were higher in the
plants growing on the dumps than the tailings. The
highest metal contents of N. arundinacea growing on
the dumps were 4100 ppm - Fe (rt) , 261.3 ppm Mn (lf) ,
147.5 ppm Zn(rt), 328.9 ppm Pb(rt) and-52 ppm Cu(rt)..
In general, the roots took up more metal contents
than the stems and the leaves.
B. The waste rock dumps
The amounts of metal contents in the vegetation
growing on the waste rock dumps are listed in Table 4.16-
4.32.
i) Blechnum orientale(Table 6.16)
The metal contents in the leaves of this
fern-growing on the dumps were comparable to the
control. The leaves concentrated greater amounts of
calcium, magnesium and sodium than the roots but
the roots contained higher contents of heavy metals
such as 2398.1 ppm Fe, 415.3 ppm Mn, 111.1 ppm
Zn, 149.6 ppm Pb and 57.4 ppm Cu.
ii) Dicranopteris linearis (Table 6.17)
The contents of calcium, magnesium and sodium
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Table 6.16 The metal contents in roots and leaves of Blechnum
orientale growing on the waste rock dumps and the




0 0.35a 0.17Calcium (%)
0.08 0.25 0.30Magnesium (%)
0.98 0 .97G 0.66Potassium (%)
0 0.09` 0.15Sodium (%)
2398.1 120.2 110.2Iron (ppm)
415.3 41.5 44.7Manganese (ppm)
111.1 62.6 54.2Zinc (ppm)
149.6 77.9 86.5Lead (ppm)








in the plants of the dumps were lower than the
control but the concentration of potassium in roots
(0.86%) and stems (0.90%) were about two folds
as much as background vegetation. The concentration
of calcium, magnesium, potassium and sodium were
higher in the leaves and the decreased in stems and
roots. The roots and stems concentrated moderate
amounts of heavy' metals with the highest values of
2367 ppm Fe(rt) , 527.2 ppm Mn(lf) , 269.7 ppm Pb(rt)
and 75.4 ppm Cu(rt). The copper content in roots
was the highest content among all the species collected
from the dumps but the value of zinc in stems was
the lowest. However, the content of zinc was
higher than the control.
iii) Lycopodium cernuum (Table 6.18)
The concentrations of calcium, magnesium,
potassium and sodium in the plants of-the dumps were
similar to those at the control sites. and these cations
decreased in amounts from leaves to stems and then
roots. The roots and leaves of this fern at the
dumps concentrated various amounts of heavy metals with
the maximum value of 9163.5 ppm Fe(rt) , 321.9 ppm
Mn (rt) , 125 ppm Zn (lf) , 426.3 ppm Pb(rt) and 66.9
ppm Cu(lf). The contents of iron and lead in roots
were the highest among all the species collected from
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Table 6.17 The metal contents in roots, stems and leaves of Dicranopteris linearis growing on
the waste rock dumps and the background soils. (Each value was a mean of 3 replicates)
LeavesStemsRoots





167.5 95.781.22367.0 820.0 181.8aIron (ppm)
48.1 527.2d 940.483.085.2365.7Manganese (ppm)
46.8 19.3a 84.510.5*e47.8 106.5Zinc (ppm)
269.7 62.20 21.0 16.8 61.7Lead (ppm)
27.2e75.4**a 18.6 6.40 7.4Copper (ppm)
The lowest content of zinc among all the species collected from the dumps.





Table 6.18 The metal contents in roots, stems and leaves of Lycopodium cernuum growing on the










25.3 135.3 94.537.6426.3***d 137.1Lead (ppm)
66.9 5.90 027.2e 0Copper (ppm)
The highest content of iron among all the species collected from the dumps.
The lowest content of manganese among all the species collected from the dumps.





the dumps but the manganese content in stem (26.7
ppm) was the lowest.
iv) Melastoma candidum (Table 6.19)
Since the fine roots of this specis were
located too deep to be excavated at the control site,
there was no,comparison of the roots of this shrub
collected from the dumps to. the control. The
concentrations of calcium, magnesium, potassium
and sodium in the plants of the dumps were similar
to'the control site and these cations decreased in
amounts from leaves to-stems and then to roots. The
leaves and stems of this shrub at the dumps were
contaminated with various amounts of iron, manganese,
lead and copper but the amount of zinc in the plant
was lower than the control. The highest values of.
metal contents in this plant were 120 ppm Fe(rt),
1312.5 ppm Mn(lf), 35.2 ppm Zn(st), 83.2 ppm
Pb(st) and 31.8 ppm Cu(rt).
v) Raphiolepis indica (Table 6.20)
The roots of this species growing on the control
site was not sampled because the fine roots were
located too deep to be excavated. The concentra-
tions of magnesium, potassium and sodium in the
plants of the dumps were lower than the control but
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Table 6.19 The metal contents in-roots, stems and leaves of Melastoma candidum growing on the









28.4b 74.566.122.9 35.2bZinc (ppm)
42.440.837.889.250.9Lead (ppm)






Table 6.20 The metal contents in roots, stems and leaves of Raphiolepis indica growing on the








147.0 62.332.2 35.9c 30.3Iron (ppm)
47.1 30.9 34.9 109.993.2Manganese (ppm)
69.9 122.3d 88.1 129.3a 97.0Zinc (ppm)
Lead.(ppm) 92.1 102.2d 101.30 50.2
15.7 17.2Copper (.ppm) 0 15.7 0







the content of calcium was higher, with values of
0.63% in leaves and 0.92% in stems. The heavy metal
contents were usually, high in leaves of the dumps
except the manganese with a similar. contentas the
control. The highest values of heavy metals were
147 ppm Fe (rt)., 93.2 ppm Mn(lf) , 129.3 ppm Zn(lf) ,
102.2 ppm Pb(st) and 17.2 ppm Cu(st). The value of
calcium content in leaves was the highest among
all the species collected from the dumps.
vi) Rhodomyrtus tomentosa (Table 6.21)
The concentrations of magnesium, potassium
and sodium in the plants of the dumps were comparable
to the control but a higher calcium content- was
found in various parts of this shrub. The heavy
metal contamination of the plants on the dumps was-
low and various vegetative organs concentrated diffe-
rent amounts of heavy metals. A significant uptake
of manganese was found in the leaves collected
from the dumps. The highest values. of heavy metals
were 235.6 ppm Fe(rt) , 1108.2 ppm Mn(lf) , 135.8 ppm
Zn(st), 47.9 ppm Pb(lf) and 11.7 ppm Cu(rt).
vii) Adiantum lunulatum (Table 6.22
The shoots had larger amounts of calcium,
magnesium and potassium than the roots but the
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Table 6.21 The metal contents in roots, stems and leaves of Rhodomyrtus tomentosa growing on
the waste rock dumps and the background soils. (Each value was a mean of 3 replicates)
Roots LeavesStems
Dumps ControlDumps ControlDumps Control
0.09 0.13 0.020.14 0.09- 0.29Calcium(%)
0.07 0.07 0.070.06 0.08 0.06.Magnesium(%)
0.39e 0.510.48 0.33 0.57 0.65Potassium(%)
0.01d 0.02 0.01 0.02 0.03 0.03Sodium(%)
235.6 150.5 131.8102.9Iron (ppm) 101.4 107.2
320.1 255.2 541.0eManganese (ppm) 30.6 1103.2a 382.5
91.6 83.5Zinc (ppm) 135.8 62.7 48.3 69.9
0aLead (ppm) 93.6 19.3a 0 47.9 27.9





Table 6.22 The metal contents in roots and shoots of Adiantum
lunulatum* growing on the waste rock dumps.-











24.8Copper (p m) 95.7
* This species was only found on the waste rock dumps.
* The highest content of sodium among all the species
collected from the dumps.
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roots contained more sodium ions (0.30%) which was
.the highest content among all the species collected
from the dumps. There was a high heavy metal uptake
in the roots except manganese. The highest values
of heavy metals were 1736.6 ppm Fe(rt), 458.2 ppm
Mn(shoot), 53.8 ppm Zn(rt), 197.3 ppm Pb(rt) and
95.7 ppm Cu(rt).
viii) Arundinella setosa (Table 6.23)
The contents of calcium, magnesium and
potassium in leaves, stems and roots of this grass
with the concentrations of sodium less than 0.01%
among different vegetative organs. The lowest content
of potassium among all the species collected from the
dumps was found in the roots with a value of 0.05%.
Since the contents,of heavy metal fluctuated in stems,
roots and leaves, no general pattern of metal distri-
bution was observed. The highest amounts of heavy
metal uptake were 1812.7 ppm Fe(rt) , 1530 ppm
Mn(st), 398.6 ppm Zn(st), 161.3 ppm Pb(rt) and 49.5
ppm Cu(rt).
ix) Aster baccharoides (Table 6.24)
The concentrations of calcium, magnesium,
potassium and sodium were larger. in the leaves and
decreased in stems and roots. There was a general
high potassium content in the plant with the highest
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Table 6.23 The metal contents in roots, stems and leaves
of Arundinella setosa growing on the waste rock
dumps. (Each value was a mean of 3 replicate )
Roots Stems Leaves
0.01 0:03 0.07Calcium (%)
0.04 0.04 0.05Magnesium (%}
0.05* 0.76 1.31Potassium (%)
0 0.01 0Sodium (%)
65.91812.7 140.2Iron (ppm)
202.3 1530.O 825.0Manganese (ppm)
398.6* *159.8 173.9Zinc (ppm)
161.3 38.3 61.0Lead (ppm)
20.04 9 .. 5 20.0Copper (ppm)
The lowest content of potassium among all the species
collected from the dumps.
** The highest content of manganese among all the species
collected from the dumps.
*^% The highest content of-zinc among all species collected
from the dumps.
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Table 6.24 The metal contents in roots, stems and leaves of
Aster baccharoides growing on the waste rock
dumps. (Each value was a mean of 3 replicates.)
Roots Stems Leaves
Calcium (%) 0.06 0.15 0.55
Magnesium (%) 0.07 0.07 0.14
Potassium (%) 1.06 0.84 1 .35*
Sodium (%) 0 0. O5 0.20
Iron (ppm) 318.3 75.2 131.0
Manganese (ppm) 290.8 293.6 646.3
Zinc (ppm) 88.1 132.9 130.1
Lead (ppm) 82.0 83.3 43.7
Copper (ppm) 22.6 18.6 40.1
* The highest content of potassium among all the species collected
from,the dumps.
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amount among all the species collected from the
dumps in the leaves (1.35%). The highest values of
heavy metals were 318.3 ppm Fe(rt), 646.3 ppm
Mn(lf) , 132.9 ppm Zn(st) , 83.3 ppm Pb(st) and
40.1 ppm Cu (l f) .
x) Eurya chinensis (Table 6.25)
The contents of calcium, magnesium and
potassium were low in this shrub collected from the
dumps. No sodium ion was detected in the tissue of
this plant by the mix-acid digestion method. The
roots usually took up more amounts of heavy metals
but stems and leaves had lower contents. The
highest- amounts of heavy metals were 300.3 ppm
Fe(rt) , 1155.6 ppm Mn(lf) , 47.1 ppm Zn(rt) , 116.3
ppm Pb (rt) and 23.7 ppm Cu(rt).
xi) Hedyotis consanguinea (Table 6.26)
The contents of calcium and magnesium in
leaves of this..herb were usually higher than that of
the stems and the roots. A high content of potassium
and a very low content of sodium= were found in
different parts' of the plants, from the dumps. The
root, stem and leaf took up different amounts of
various heavy metals and highest values of these
metals were 116.7 ppm Fe(rt), 364.3 ppm Mn(lf),
.232 ppm Zn(st), 7.6 ppm Pb(st) and 26.2 ppm Cu(lf).
265
Table 6.25 The metal contents in roots, stems and leaves of
Eurya chinensis growing on the waste rock dumps.
(Each value was a mean of 3 replicates.)
Roots Steins Leaves
Calcium (%) 0.07 0.31 0.01
Magnesium (%) 0.07 0.09 0.05
Potassium (% 0.19. 0.29 0.71
Sodium (%) 0 0 0
Iron (ppm) 300.3 128.7 90.0
Manganese (ppm) 388.3 448.8 1155.6
Zinc (ppm) 47.1 27.2 24.9
Lead (ppm) 116.3 84.3 79.9
Copper (ppm) 23.7 14.1 21.4
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Table 6.26 The metal contents in roots, stems and leaves of
Hedyotis consanguinea* growing on the waste rock
dumps. (Each value was a mean of 3 replicates.)
Roots Stems Leaves
Calcium (%) 0.02 0.09 0.19
Magnesium (%) 0.06 0.07 0.19
Potassium * (y) 0.78 0.84 0.75
Sodium (%) 0.01 0.01 0
Iron (ppm) 116.7 15.8** 35.3
Manganese (ppm) y-o .9 285.9 364.3
Zinc (ppm) 79.1 232.0 131.4
Lead (ppm) 0 7.6 0
Copper (ppm) 12.6 18.9 26.2
* This species was only found on the waste rock dumps.
^* The lowest content of iron among all the species collected from
the dumps.
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The lowest content of iron among other all the
species collected from.the dumps found in the stems.
xii) Inula cappa (Table 6.27)
The contents of calcium and.magnesium were
high in the leaves of this shrub but a high sodium
content was found in the roots. The roots, stems
and leaves had similar convents of potassium.
However, the heavy metal contents fluctuated in
the collected plant materials. The highest values
of all metals were 0.42% Ca(lf), 0.31% Mg(if) ,
1.09% K(rt), 0.13% Na(rt), 348.8 ppm Fe(rt),'
350.2 ppm Mn(lf), 69.5 ppm Zn(st), 56.4 ppmPb(st)
and 67.3 ppm Cu(rt).
xiii) Iris tectorum (Table 6.28)
The contents of calcium, magnesium and
sodium were low and fluctuated in different plant
organs. The concentration of potassium was generally
high ranging from 0.72-1.04%. However, the amounts
of heavy metals in roots were higher than the stems
and the leaves. The maximum values of heavy metals
were 1156.1 ppm Fe(rt) , 168.6 ppm Mn(rt) , 75.1
ppm Zn (st lf), 150.5 ppm Pb(rt) and 26.5 ppm Cu(st).
xiv) Ischaemum barbartum (Table 6.29)
The contents of calcium,magnesium, potassium
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Table 6.27 The metal contents in roots, stems and leaves of
Inula capp_a growing on the waste rock dumps.
(Each value was a mean of 3 replicates.)
Roots Stems Leaves
Calcium,(%) 0.06 0.14 0.42
Magnesium (%) 0.11 0.09 0.31
Potassium (%) 1.09 0.93 1.01
Sodium (%) 0.13 0.07 0.02
Iron (ppm) 348.8 60.7 82.6
116.8Manganese (ppm) 62.0 350.2
Zinc (ppm) 67.6 69.5 63.2
Lead (ppm) 56.435.5 .45.3
Capper (ppm) 29.867.3 16.2
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Table 6.28 The .metal contents in roots, stems and leaves of
Iris tectorum growing on the waste rock dumps.
(Each value was a meanf 3 rent iates) _
Roots Stems Leaves
Calcium (%) 0.03 0.21 0.14:
0.05Magnesium (%) 0.05 0.06
1.04Potassium (%) 0.72 0.97
0.04Sodium (%) 0.08 0.03
1156.1Iron (ppm) 22.0 46.0
168.6Manganese (ppm) 156.0 131.3
Zinc (ppm) 20.1 75.2 75.2
Lead (ppm) 150.5 61.9 61.5
Copper (ppm) 0 26.5 0
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Table 6.29 The metal contents in roots, stems and leaves of
Ischaemum barbartum growing on the waste rock dumps.
(Each value was a mean of 3 replicates.)
Roots Stems Leaves
Calcium. (%) 0.05 0.01 0.07
Magnesium (%) 0.06 0.05 0.08
Potassium (%) 0.30 0.40 1.02
Sodium (%) 0.03 0.01 0.04
Iron (ppm) 418.7 158.0 131.3
Manganese (ppm) 260.1 902,9 486.0
Zinc (ppm) 118.9 72,4 92.0
Lead (ppm) 71.1 40.1 49.5
Copper (ppm) 21.249.5 27.7
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and sodium in the-leaves, roots and stems were
general low with values ranging from 0.01% to 0.40%
except the content of potassium in leaves (1:02%).
The roots contained larger amounts of heavy metals and
the maximum values of metal contents were 418.7 ppm
Fe(rt) , 902.9 ppm Mn(st) , 118.9 ppm Zn(rt) , 71.1 ppm
Pb(rt) and 49.5 ppm Cu(rt).
xv) Melastoma dodecandrum (Table 6.30)
The contents of calcium, magnesium and
potassium were higher in the leaves and then decreased
in stems and roots whereas the concentration of
sodium were remained more or less the same in various
organs. The amounts of these cations'were low,
ranging from 0.01% to 0.69%. The roots of this
herb took up large amounts of heavy metals and the
maximum values of heavy metals were 220.9 ppm Fe(rt),
452.4 ppm Mn(lf), 62.9 ppm Zn(rt), 103 ppm Pb(rt)
and 35.9 ppm Cu(rt).
xvi) Nephrolepis cordifolia (Table 6.31)
The leaves of this fern had higher concen-
trations of potassium (1.71%), calcium (0.24%),
magnesium (0.33%) and sodium (0.05%) but the
values of these cations were.low in the roots and
stems. The values of heavy metals fluctuated in the
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Table 6.30 The.metal contents in roots, stems and leaves of
Melastoma dodecandrum growing on the waste rock dumps.
(Each value was a mean of 3 replicates).
Roots
0.02 0.07 0.69Calcium (%)
0.02 0.04 0.16Magnesium (%)
0.45 0.34 0.47Potassium (%)
0.01 0.01 0.01Sodium (%)
220.9 43.9 140.9Iron (ppm)
148.8 177.6 452.4Manganese (ppm)
62.9 33, 2 53.3Zinc (ppm)
86.6103.0Lead (ppm) 32.7
35.9 31.2 15.8Copper (ppm)
Stems Leaves
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Table 6.31 The metal contents in roots, stems and leaves of
Nephrolepis cordifolia* growing on the waste rock
dumps. (Each value was a mean of 3 replicates.)
Roots Stems
0.01 0.03 0.24Calcium (%)
0.10 0.12 0.33**Magnesium (%)
0.72 0.56 1.71Potassium (%)
0.02 0.02 0.06Sodium (%)
135.1 325.4 147.3Iron (ppm)
245.571.2 1198.9Manganese (ppm)
27.0 42.1 143.8Zinc (ppm)
155.7 75.8 97.9Lead (ppm)
21.4 33.9 33.0Copper (ppm)
This species was only found on the waste rock dumps.
The highest content of magnesium among all the species
collected from the dumps.
Leaves
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different plant organs with the highest values of
325.4 ppm Fe(st) , 1198..9 ppm Mn(lf) , 143.8 ppm
Zn(lf) , 155.7 ppm Pb (rt) and 33.9 ppm Cu(st) .
IV. Discussion
Complicated patterns of metal uptake in vegetation were
found on the tailings as well as the dumps. The plant growing
on these areas were contaminated with different amounts of
metals. In order to reveal these patterns of metal uptake,
the metal contents in roots, stems and leaves of the cont-
aminated vegetation were arranged in descending orders and
are listed in Tables 6.32-6.35
A. The general patterns of metal contents in different,-plant
organs of various plant species collected from the iron
ore tailings and the control site
The tested metals can be divided into two groups,
the major essential mineral elements: calcium, magnesium,
potassium and sodium,and the heavy metals: iron,
..manganese, zinc, lead and copper. These terms will used
in the discussion of metal localization and the patterns
were compared below.
i) The contents of calcium, magnesium, potassium and sodium
Most of the plant materials collected from
the tailings and the control sites had the highest
essential element contents of these four cations in
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the leaf portions (Table 6.32). The roots of the
control site usually contained the least amounts of
these cations among all plant organs. However, some
of the species collected from the tailings accumu-
lated more amounts of these cations at'the roots
than the stems. These species included Ageratum
conyzoides, Sida rhombifolia, Rhynchelytrum repens
and Lantana camara. Two species had a similar pattern
of metal distribution as the control but the metal
contents were higher. These species included Urena
lobata and Clerodendron inerme. Fimb ristylis
polytrichoides, Pandanus furcatus and Paspalum
distichum which were only found on the tailings and
not other areas of Ma On Shan, contained high accumu-
lations of cations in the roots. In general, there
was a tendency for the roots to take up more cations
which were abundant in the tailings and these cations
were transferred and stored in other parts of the-
plants.
All the plants growing on the tailings took up
larger amounts of calcium ion than the control and
most of the absorbed calcium ions was transported
and stored in leaves. However there were two excep-
tions, Cynodon dactylon and Paspalum dis tichu-n,
276
Table 6.32 The orders of metal contents of calcium, magnesium,
potassium and sodium in various organs of different
species collected from the tailings.
Tailings Control*
Ageratum conyzoides 1f-rt<st if>st>rt
Sida rhombifolia lf-rtst if>st>rt
Lantana camara if>stlf>rt>st
Emilia sonchifolias if>rt>st if>rt&st
1f>rt>st rt>lf&stBidens pilosa
Neyraudia arundinacea** 1f>rt>st
Rhynchelytrum repens if>rt>st. if&st>rt
Urena lobata 1f>st>rt if>st>rt
Clerodendron inerme if>st>rt if>St
Ipomoea brasili.ensis** lf>st>rt
Cynodon'dactylon 1f>st 1f>st>rt
Fimbris tylis Polytrichoides ** rt>sh
Pandanus furcatus rt>sh
Paspalum distichum rt>1f>st
* The plant materials were collected from the undisturbed areas
of the background soils of Ma On Shan.
This species was only found on the iron ore tailings.
-- The plants were not sampled.
rt means roots s t means stems sh means shoots and if means leaves.
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These two plants accumulated calcium ions.pre-
dominantly in roots. The high uptake of calcium was
-due to the high exchangeable content of calcium in the
tailings. These large amounts of calcium in plants
might be beneficial,. since high levels of calcium
reduced the injurious effects of heavy metals in low
pH spoils (Rains et al., 1964). The tailings were
not sampled at the immediate area of each collected
plant materials. Therefore, the relationships
between the content of metal uptake and the amount of
exchangeable metals in the tailings could not be
quantified.
There were higher uptakes of magnesium in
different portions of the plants collected from the
tailings except Lantana camara. As in the same case
of calcium ions , the absorbed magnesium ions were
transported and concentrated in leaves-with four
exceptions, Paspalum distichum , Fimbristylis
polytrichoides, Cynodon dactylon and Pandanus furcatus
which all had higher accumulations in the roots. The
results coincided with other well documented cases
that a higher uptake of magnesium was found in plants
when they grew in soils containing excess magnesium
ions such as serpentine soils (Lyon et al., 1971
Shewrey and Peterson, 1975). Magnesium is considered
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to be a toxic metal when they present in high
concentrations ranging from 10-30 m. e. /l00g soil
(Proctor, 1970 Proctor and Woodell, 1975) but
no toxicity symptoms was observed in stems and
leaves of the plants at a concentration of as high
as 0.15 m.e./ 100g dried tissue.
Plants growing on the coastal deposited
tailings showed a dominant uptake of sodium ions
except two herbs, Bidens ilosa and Sida rhombifolia
which had sodium contents similar to the control.
The high uptake of sodium ions was resulted from
the abundance and -the high ionic nature of sodium
in the soil solution-of the iron ore tailings.
There was no explanation for the above two species
to exclude sodium but the differences of tailings in
various localities should be noted in further studies.
The excess sodium ions were stored in either roots
or leaves, depending on the species. Fimbristylis
polytrichoides, Lantana camara, Pandanus furcatus and
Rhynchelytrum repens stored the sodium ions principally
in roots whereas Cynodon dactylon, Ipomoea brasi-.
liensis and Clerodendron inerme in leaves. Ageratum
conyzoides and Paspalum distichum accumulated
high sodium contents in both roots and leaves. The
only two species which stored the excess sodium ions
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in sterns were Neyraudia arundinacea and Urena lobata.
These two species was the two most abundant higher
plants on the tailings before excavation (Wong and Tam,
1977).
The pattern of*potassium uptake was more
complicated than the above three cations. Although
the tailings contained slightly higher potassium than
the background soils, the uptake of potassium was
less among the species collected from the tailings,
except Ageratum conyzoides, Lantana camara and
Rijynchelytrum repens. The low potassium uptake was
due to some ionic antagonistic effects from the
presence of large amounts of other cations. Further
laboratory works would be essential to evaluate the
antagonistic effects of these cations. It was reported
that magnesium antagonized potassium and decreased
the uptake of potassium under the presence of
excess magnesium ions (Hesse, 1971). Most of the
absorbed potassium ions were stored in leaves with the
exception of three species, Ipomoea brasiliensis, Sida
rhombifolia and Emilia sonchifolias which stored the
potassium ions in leaves as well as roots. Paspalum
distichum and Fimbristylis polytrichoides were the
only two species which stored more potassium in roots.
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ii) The contents of heavy metals . (iron, . manganese, zinc
lead and copper)
The contaminated plants usually accumulated
higher amounts of heavy metals than the control. The
materials collected from --the control site usually
had low heavy metal contents with larger amounts stored
in leaves. This localization of heavy metals was
changed in about half of the collected species from
the tailings (Table 6.33). Their roots stored the
highest contents of heavy metals among all organs.
Five species, Lantana Camara, Emilia sonchifolias,
Urena lobata, Clerodendron inerme and Cynodon dactylon,
retained their original patterns of metal local-
ization in the control as they grew on the tailings.
Although metals were mainly stored in roots of most
species, Bidens pilosa and Urena lobata had higher
heavy metal contents in leaves whereas Emilia sonchi-
folias and Ipomoea brasiliensis in stems.
Since the iron ions were absorbed in plants by
plants. by- diffusion (O'Connar et al. , 1971). all the
plants of the tailings took up larger amounts of iron
than the control. The highest concentration of absorbec
iron was 4009.1 ppm in roots and the rests-were in the
range of 1500-2000 ppm Fe. Chlorosis was only found
in some seedlings which grew on the alkaline tailings
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Table 6.33 The orders of metal contents of iron, manganese, zinc,


















The plant materials were collected from the undisturbed
areas of the background soils of Ma On Shan.
This species was only found on the iron ore tailings.
The plants were not sampled.
rt means roots st means stems sh means shoots and if means leaves.
Neyraudia arundinacea
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and no mature plants had -:these symptoms. These
chlorosis has not been specified as iron-chlorosis or
chlorosis induced by other heavy metals (see chapter 5).
In the present study, most of the absorbed iron were
stored in roots and the iron contents of the leaves
were relatively low. However, the iron contents in the
leaves of plants growing on the tailings were still
higher than the control. Therefore, the chlorosis was
not induced by iron deficiency and other metals must
be involved in the chlorosis of these seedlings. The
absorbed iron ions were mainly stored in roots of most
species but some species such as Clerodendron inerme,
Emilia sonchifolias and Ipomoea brasiliensis had higher
storage in stems and Urena lobata in leaves.
According to their ability to take up manganese
from the tailings, the plants could be divided into
two groups. (1) Sida rhombifolia, Emilia sonchifolias,
Bidens pilosa, Urena lobataand Ageratum conyzoides
which took up higher amounts of manganese and (2)
Lantana camara, Rhynchelytrum repens, Clerodendron
inerme and Cynodon dactylon which took up less
amounts of manganese than the control. Clerodendron
inerme, Neyraudia arundinacea and the species in the
first group retained the absorbed manganese mainly in
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leaves. Ageratum conyzoides and Lantana camara had
large.amounts of manganese in the leaves as well as
the roots whereas the remaining species were mainly in
the roots.
Manganese is a toxic heavy metal.and manganese
toxicities in plants are well known (Foy et al., 1978).
The grass, Paspalum distichum had the highest
amount of manganese (352.7 ppm) among all species of
collected from the tailings in the fibrous root and
interveinal necrotic strips on the leaves might be the
result of excess manganese. However, it could not be
judged that the toxicity symptom was caused by manganese
because other heavy metals and even some adverse
environment factors might also insert their effects.
Further laboratory works would be necessary to find out
the causal factor or factors. On the other hand, it
must be also noted that Urena lobata at the control
site.stored as high as 258.3 ppm manganese in leaves
without any visual toxicity symptoms.
Zinc ions were accumulated by most of the species
on the tailings except Cynodon dactylon. The collected
species could be divided into three groups according
to the contents of zinc ions in different plant organs.
The first group contained the highest amounts of zinc
in roots: Rhynchelytrum repens, Fimbristylis polytri-
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choides, Neyraudia-arundinacea, Lantana camara and
Emilia sonchifolias. The second group with the
largest amounts of zinc in stems: Clerodendron inerme,
Cynodon dactylon, Ipomoea brasiliensis and Ageratum
conyzoides. The third group possessed the highest
concentrations of zinc in leaves : Paspalun distichum
Bidens pilosa, Urena lobata and Sida rhombifolia.
It was apparent that zinc ions were taken up from the
roots but the concentration of zinc in different organs
depended on the species. The maximum value of absorbed'
zinc ion was 492.9 ppm in the roots of Emilia rhombifolia
and the rest were below 200 ppm.
Besides Sida rhombifolia, Emilia sonchifolias and
Ageratum conyzoides, the plant species of the tailings
had increased amounts of lead in their tissue when
growing on the tailings. The absorbed lead ions were
largely remained in the roots except a_few species
transported them to the aerial parts. Clerodendron
inerme, Ipomoea brasiliensis, Bidens pilosa and Urena
lobata had the highest amount of lead in leaves whereas
Cynodon dactylon and Emilia sonchifolias in stems.
Lead is an extremely toxic ion even at low
concentrations. The high content of lead in plants may
influence their normal physiological activities such
as the reductive pentose phosphate pathway (Hampp et
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al., 1973), gas exchange (Bazzaz et al., 1974a), photo--
synthesis, transpiration..(Bazzaz et al., 1974b) and
respiration (Bittell et al., 1974). The amount of
exchangeable lead was low in the tailings but an
extremely high concentration of lead (440.7 ppm) was
found in the roots of Paspalum distichum , The
above value was higher than the foliage lead content
of Festuca rubra (below 100 ppm) growing on less
contaminated areas of the lead and zinc mine sites
in Wales, but was lower than the maximum value of
623 ppm Pb in F. rubra growing on the mine spoils
(Johnson et al., 1978). Further investigation would
be necessary in order to explain why the species can
grow and tolerate such a high concentration of lead
in the tissues without noticeable damage.
All species on the tailings took up higher
amounts of copper ions than the control. The absorbed
copper ions were stored mainly in the roots. However,
some species such as Paspalum distichum Bidens
pilosa and Urena lobata stored higher amounts of
copper in leaves and Clerodendron inerme, Ipomoea
brasiliensis and Emilia sonchifolias in stems. Ageratum
conyzoides stored the absorbed copper ions in roots as
well as leaves. Because of the low availability of the
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copper ions in the iron ore tailings (Table 3.2), the
total amount of absorbed copper ions in the vegeta-
tion was high (40-50 ppm) as compared with the control.
The highest content was found in the roots of Cynodon
dactylon with a value of 82.6 ppm Cu. It must be noted
that the effects ofexcess copper ions on plants caused
iron deficiency by inhibiting transloca.tion of iron
.from roots to tops (Lingle et al., 1963) and it
might be the causal factor of chior_osis in the seed-
lings of C. dactylon.
As a whole, the plant species accumulated certain amounts
of essential mineral elements and toxic heavy metals in
their tissues when growing on the tailings. Urena lobata
was of the most concern among all collected species-because
the absorbed metals were mainly stored in the leaf tissues.
It included 2.11% calcium, 0.43% magnesium, 1.31% potassium,
0.02% sodium, 2128.8 ppm iron, 279.6 ppm manganese, 239.9 ppm
zinc, 141.5 ppm lead and 47.2 ppm copper. Since the absorbed
metals located in leaves would be easily transferred through
the food chain via. leaf-eating insects to higher trophic
levels. If the excess metal ions were storedin roots such as
Paspalum distichum, the probability of heavy metal
magnification through the food chain would be restricted.
Other species such as Bidens pilosa stored excess copper
ions in leaves andClerodendron inerme, Ipomoea brasiliensis a
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and Bidens pilosa in leaves. It was observed that the leaves of
Ipomoea brasiliensis and Bidenspilosa collected from the
tailings were continuously consumed by a number of species
of leaf-eating insects and metal contamination was expected
to be found at least in these insects.
Another species of ecological interest is Pas alum
distichum . It contained the highest amount of iron, man-
ganese and lead in the roots among all the species collected
from the tailings. The values were 4009.1 ppm Fe, 352.7
ppm Mn and 449.7 ppm Pb. However, the stems contained
1.6%, 4.1% and 18.2% of iron, manganese and lead of the
contents in roots whereas 10.3%, 24.3% and 11.0% in leaves
respectively.- The root portion concentrated these three
metals effectively and only a small quantity was translocated
to the aerial parts of the plants. This phenomenon was
observed as the characteristic of many metal-tolerant plant
populations of different species (Antonovics et al., 1971
Turner, 1970 Ernst, 1975). On the other hand, P. distichum
was able to colonize the waterlogged areas of the tailings
with a high exchangeable manganese of 75.1 ppm. These
observations suggested that a metal-tolerant population of
P. distichum may be evolved on the iron ore tailings..
However, further investigations are needed before a definite
conclusion can be drawn. Comparison cannot be made with
other results because there was a lack in the records of the
contamination of the iron ore tailings.
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B. The general patterns of metal contents in different plant
organs of.various plant species collected from the waste
rock dumps and the control, site
i) The contents of calcium, magnesium, potassium and sodium
Many of the collected plant species at the waste
rock ..dumps were not found in the grassland of the
background soils so that comparison was limited. Most
of the plants 'showed the-largest amounts of magnesium,
calcium, potassium and sodium in their leaves, except
Adiantum lunulatum, Hedyotis consanguinea and Iris
tectorum. The contents of these* four essential mineral
elements had lowgr amounts in the stems and roots
(Table 6.34). However, three species including Dicran-
opteris linearis, Inula cappa and Ischaemum barbartum
had higher contents in roots than the stems and two.
other species, Raphiolepis indica and Rhodomyrtus
tomentosa had fluctuated contents.
The.calcium contents of the leaves were usually
the highest among all organs both in the dumps and
control. However, some species such as Raphiolepis
indica, Iris tectorum, chinensis and Rhodo-
myrtus tomentosa accumulated higher contents in the
stems. None of the species accumulated larger portions
of absorbed calcium ions in roots. In general, the
plants on the dumps took up more calcium ions in their
Table 6.34 The orders of metal contents of calcium, magnesium,
potassium and sodium in various organs of different
species collected from the waste rock dumps.
Dumps - Control*
Lycopodium cernuum if>st>rt st>if>rt
















The plant materials were collected from the undisturbed
areas of the background soils of Ma On Shan.
This species was only found on the dumps.
The plants -were not sampled.
rt means roots st means stems sh means shoots and if means leaves.
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tissues than the control. This was due to the
moderate calcium contamination in the dump soils
(Table 3.2). However, the calcium contents of dump
plants were significantly lower than the vegetation
of the tailings.
The highest contents of magnesium were found in the
leaves of most of the species collected from the dumps.
The amounts of magnesium in the roots and stems were
similar. A fern, Lycopodium cernuum accumulated most
amounts of magnesium in its stems because the green
stems are the main portions of this plants. Three
species,. Arundinella setosa, Iris tectorum and Eurya
chinensis had similar contents in roots, stems and
leaves. There were usually a higher magnesium content
in the control vegetation than those on the dumps.
This was coincided with the fact that the contents of
magnesium were lower in the dump soils than the-back-
ground soils. Since magnesium is required as a
structural component of chlorophyll in green plants,
the largest portion of the absorbed magnesium was
transported to the leaves in most species when the
plants grew in soils containing small amounts of
available magnesium. The contents of magnesium in
species of the dumps were also greatly lower than the
species of the tailings.
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The species collected from the dumps took up
excess..amourits of potassium from the soil as a result
of the po.tassium contamination in the dump soils.
The absorbed potassium ions were mostly translocated
and stored in leaves in many species from the dumps.
• However, 'Inula cappa and Iris tectorum stored
potassium mainly in roots and Hedyotis consanguinea
and Dicranopteris-linearis in stems. The potassium
contents of the plants collected from the dump and
the'tailings were comparable. Although there was
a higher concentration of the above three cations
in leaves, the recorded data fluctuated in stems and
roots and no general pattern of metal localization
was observed.
The exchangeable sodium contents were higher
in the dump soils than the background soils (Table 3.2)
but there were higher uptake of sodium-ions in the
plants growing on the control site. No suitable
explanation could be made.
ii). The contents of heavy metals (iron, manganese, zinc
lead and copper)
The plants growing on the dumps were contaminated
with different heavy metals and their roots usually
contained higher amounts of heavy metals than other
parts. This pattern was similar to those growing on
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the iron ore ' tailings (Table 6.35).
The uptake of iron-was higher in the plant
collected from the dumps than the tailings as well
as the control. The absorbed iron ions were the
highest in roots in all collected species. The maximum
value of iron uptake was found in the roots of
Lycopodium cernuum which was 2.4 and 3.5 folds higher
than the maximum value of all species collected from
the the tailings and the control respectively. This
was probably due to the high total iron contents
in the dump soils which.became more available toplants
under the leaching of acidic rainwater than the
alkaline tailings.
Another toxic metal, manganese was of more
concern in the vegetation of the dumps. There was a
high manganese contamination in the dump soils (1412.7
ppm). The excess amounts of absorbed manganese were•
mainly transported to leaves of most shrubs and herbs
with the exception in roots of Blechnum orientale,
Iris tectorum and Lycopodium cernuum and in stems of
Ischaemum barbartum. The maximum value was 4.3 fold
higher than that of the tailings. It was found that
the tailings contained 3.6 times of exchangeable
manganese of the dump soils but its uptake in plants
was greatly lower than the vegetation of the dumps.
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Table 6.35 The orders of metal contents of iron manganese, zinc,
lead and copper in various organs of different species
collected from the waste rock dumps.
Dumps Control*














Lycopodium cernuum if>rt>St rt>lf>st
Rhodomyrtus tomentosa st>rt.lf rt>lf>st
Melastoma candidum st>rt>lf if>st
The plant materials were collected from the undisturbed
areas of the background soils of Ma On Shan.
This species was only found onthe dumps.
The plants were not sampled.
rt means roots st means stems sh means shoots and if means leaves.
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It was possible that the uptake of heavy metals might
be lowered due to ion competitions by the large
amounts of essential mineral elements of the tailings.
Since the manganese contents of the leaves were
exceptionally high ranging from 70-15000 ppm in
most species, there was also high probability for
these metal to transfer into higher trophic levels
in the food chain through leaf-eating insects or
herbivores.
The concentration of zinc in the plants growing
on the dumps was similar to those on the tailings and
slightly higher than the background vegetation. The
absorbed zinc ions in the collected dump species
might concentrate in roots, stems or leaves and no
general pattern of metal localization was found.
The amount:, of lead and copper uptake in plant
tissues were greatly higher than the control because
of the substantial contamination of these two elements
in the dump soils. The pattern of metal localiza-
tion of lead and copper was similar to those growing
on the tailings. Most amounts of lead were stored in
roots, with a few species stored in leaves (Rhodom -
rtus tomentosa), in stems (Melastoma candidum, Hedyotis
consanguinea and Inula cappa)and in roots as well as
in stems (Aster baccharoides). The greatest amount'
295
of copper were stored in roots but some species
,stored in leaves (Aster baccharoides, Hedyotis
consan uinea and Lycopodium cernuum) and in stems
(Iris tectorum and Melastoma candidum).
The ferns growing on the dumps had special
characteristics. The highest contents of iron and
lead were found in the roots of a creeping fern,
Lycopodium cernuum. The values were 9163.5 ppm Fe,
and 426.3 ppm Pb and the heavy metal contents in the
short needle-like leaves were relatively high with.
1195.6 ppm Fe, 131.1 ppm Mn, 125.0 ppm Zn, 135.3 ppm
Pb and 66.9 ppm Cu. However, the stems which are the
principal parts of the plant had very low heavy metal
contents (Table 6.18). This fern throve on the dump
soils and colonized on the terraces of the dumps rapidly.
Another fern, Dicranopteris linearis contained
the highest content of 75.4 ppm copper-in the roots
among all species collected from the dumps. The
heavy metal contents of these roots were high with
values of 2367.0 ppm Fe, 365.7 ppm Mn, 47.8 ppm Zn
and 269.7 ppm Pb. This fern is abundant at most
hillsides of Hong Kong. These two species may have
metal-tolerant populations since their roots are able
to concentrate and store an extremely high amounts of
heavy metals.
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.The only dominant fern in the bare rock dumps,
Nephrolepis cordifolia did not take up large amounts
of heavy metals as well as essential mineral elements.
However, a high concentration of 1198.9 ppm Mn was
found in its leaflets. A grass, Arundinella setosa
which was the second most abundant grass on the control
site (Table 5.1) accumulated the highest amount of
Mn (1530 ppm) and Zn (398.6 ppm) in stems. Furthermore,
it had the lowest amount of potassium (0.05%) in roots
among all species collected' from the dumps. It was
not known that these metals were mainly localized in
the stems and not other organs.
A_comparison of the present work with the others
are impossible because the studied species are occurred
locally. The only comparison of the metal contents in.
leaves of the genus Neyraudia is listed in Table 6.36.
Table 6.36 The comparison of the metal contents of leaves in two
species of Neyraudia collected at zone II' of the tailings.
Ca
N. re udina** 0.14 0.38 0.82 0.29 2320 831 316 114 28
N , arundinacea 0.10 0.19 0.70 0.04 119.7 93.4 17 60.3 9.7
The location of zone II is shown in Fig. 2.15
Data from Wong and Tam (1977)
Mg K Na Fe Mn Zn Pb Cu
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The contents of metals decreased substantially
especially heavy metals.- The decreasing amount of
heavy metals was coincided with the leaching studies
that all these elements might be leached into the
seawater of Tolo Harbour in large amounts through-
out the years and a decrease of metal contents was
also found in-the tailings as compared with the
previous study. Therefore, it accounted for the lower
heavy metal contents in the leaves of the present
study.
In conclusion, the plants of the tailings usually
accumulated larger amounts of magnesium, calcium,
potassium and sodium than the vegetation of the dumps
because the tailings contained much higher amounts of
these cations in availabe forms. Heavy metal contami-
nation of plant tissues was found at the iron ore
mine and the iron ore tailings. There-was generally
greater contaminations of iron and manganese in the
plant tissues of the dumps whereas the species of the
tailings were higher in zinc content. The contamin-
ations of copper and lead were similar on both sites.
The present study is unable to delineate the toxic
effects of these metals absorbed by the plants because
a large number of factors are unknown. These include
the antagonistic and additive effects of different
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cations of various plant species. Therefore, it is
advisable to conduct toxicity tests on the collected





In this chapter, an attempt will be made to integrate the
field observations and the laboratorial results in the present
study, where appropriate,in relation to the results of other
workers. The discussion is divided into two parts.
A. The waste rock dumps
The waste rock dumps were created by the method of
open cast mining since 1906. These dumps are mainly
located adjacent to the-iron mine with some remote dumping
sites as far as 5.5 km away. It was found that metal
contaminations occurred throughout these dumps and the
dump soils contained excess amounts of sodium. potassium,
magnesium, calcium, iron, manganese, zinc, lead and copper
as compared with the uncontaminated background soils at
Ma On Shan. These metals were mainly derived from the
low grade ore materials. The ore body was a deposit of
magnetite (Fe304) intermixing with hematite (Fe20 ) and
3
the main components of the mine was the iron oxides which
intruded into dolomitic limestone (Davis, 1961). The
highest content of various metals found in the dump soils
was 8586 ppm K, 708.4 ppm Na, 727.7 ppm Ca, 3381.8 ppm Mg,
1412.7 ppm Mn, 17469.9 ppm Fe, 227.7 ppm Zn, 270.9 ppm Pb
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and 115.0 ppm Cu while the uncontaminated site- of Ma On
Shari contained only 1004.6 ppm K, 78.1 ppm Na, 45 ppm Ca,
137.8 ppm Mg, 58.5 ppm Mn, 3850.4 ppm Fe, 11.8 ppm Zn,
37.3 ppm Pb and 4.94 ppm Cu. The consequence of the higher
metal content in the soil examined in the present study
was the incorporation of these metal ions into the plant
tissues.
Among all the 17 plant species collected from
the dumps, 14 species concentrated higher amounts of
sodium, potassium, calcium and magnesium in their leaves.
The stem was the second most abundant plant organ for
the storage of the above four metals. The highest
amounts of magnesium, potassium, sodium and calcium were
found in the following vegetation: Aster baccharoides
(K: 1.35% leaf), Nephrolepis cordifolia (Mg: 0.33%
leaf), Adiaritum lunulatum (Na: 0.30% stem) and
Raphiolepis indica (Ca: 0.92% stem). The leaves required
large amounts of essential mineral elements such as
magnesium, potassium and calcium which are important in
the physiological function of plants as well as structural
components of plant tissues or chemical compounds. .This
accounted for the localization of most of these essential
mineral elements in leaves. The present-result also
agreed with the work on the coal strip-mined areas of
Ohio, U.S.A. that lower amounts of essential elements
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were found in basidiomycetes, lichens, bryophytes and
vascular cryptogams growing on the macronutrient deficient
strip-mined areas and higher contents of these elements
were found in the unstripped areas with abundance
essential elements (Lawrey, 1978).
The contents of heavy metal ions were usually lower
in the control and most of these heavy metals were localized
in the leaves. However, the accumulated heavy metals were
effectively chelated in the roots of the vegetation collected
from the dumps and only a small portion of heavy metals was
translocated into the aerial parts of the plants. It is
well documented that plants took up high amounts of metals
including heavy metals when they grew on metalliferous
areas (Antonovics et al., 1971 Proctor and Woodell, 1975
Johnson and Proctor, 1977) and the heavy metals were
mainly accumulated in the roots (Ernst, 1972 Peterson,
1969 Turner, 1970). The highest amount of iron , lead
and copper were found in the roots of two ferns, Lycopodium
cernuum (Fe: 9163.5 ppm Pb: 426.3 ppm) and Dicranopteris
linearis (Cu: 75.4 ppm) while mangn,.ese and zinc were in
the stem of Arundinella setosa (Mn: 1530 ppm Zn: 398.6
ppm) among all the species collected from the dumps.
.The fern L. cernuum had special changes when it grew
on the dump soils. It had the highest contents of iron
302
and lead among all species collected from the dumps but
no toxicity symptoms were observed under such high levels
of lead and iron. This fern colonized the terraces of the
dumps rapidly especially in early spring. It will be
very interesting to reveal the ability of metal tolerance
in' this fern in the future laboratory work.
The terraces.and the slopes of the dump created
different environments for plant growth. These two areas
supported two different plant communities. The plant
community on the terraces was poor as compared with the
control but it contained more species as well as plant
covers than the extremely sparse vegetation on the slopes.
The main factors in preventing plant growth on the dumps
were inadequate soil substrates, low moisture'stress and
very high soil surface temperatures in summer. The unstable
and steep slopes are usually devoid of vegetation. These
limiting factors were also found at other mine sites. For
example, high soil surface temperature, low moisture content
and soil texture were the main inhibiting factors for
plant growth on anthracite mining spoils (Scharmm, 1966),
silver, lead and zinc mine dumps (Alvarez et al., 1974).
The plants on the slopes were principally Nephrolepis
cordifolia whereas Neyraudia arundinacea appeared on the
upper rocky slopes and Ischaemum spp., Miscanthus flori-
dulus, Arundinella setosa and Pogonatherum critinum on the
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lower slopes. The major differences in the slope communi-
ty was due * to the amount of :.soil substrate and moisture
contents existing in the dump soils. It was found that
soil substrates and moisture contents were richer in the
lower slopes and these conditions supported the growth
of a higher number and diversity of plant species.
Nephrolepis cordifolia was a peculiar fern on the
dumps. The ability of N. cordifolia to competite with
other plant species was low and it would easily elimin-
ated by other plants when growing together. However, N.
cordifolia has a supreme adaptability to tolerate high
surface temperatures,, low moisture stress and inadequate
soil substrates. Therefore, it colonized and grew on
the bare rock dumps where the competition among other
species was almost absent. N. cordifolia colonized the
bare areas. by means of underground rhizome. Inadequate
soil substrates on the rocky dumps did nob prevent its
growth because nutrients and water were supplied by
older portions with extensive root systems. The long
rachis which raised the leaflets above the rocky surface
would also minimize the harmful effect of high tempera-
tures from the rock surface. N. cordifolia was the only
pioneer species of higher plants to colonize the bare
dumps successfully. However, before the existence of
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of this species, there were different species of lichens
growing on the rock surfaces. The spores produced from
some of the collected. species were atypical or abortive
and possibly some unknown factors were influencing the
growth of these lichens on the rock surface adversely.
The terraces of the dumps contained more soil
substrates and plant seedlings could establish in the
humid spring. The plants,on the terraces could .effectively
reduce the surface temperature of the soil under direct
solar radiation in summer. and retain soil moisture than
the bare slopes. Therefore, the terraces supported more
plant growth and were richer in species.
The limiting factors found on the dumps were not
supported by quantitative analyses. It is advisible for
the future study to collect the soil samples at the .
immediate area supporting the growth of the sampled plant'
materials, and then carry out multiple regression analyses
to find out the important limiting factors.
There was no attempt to investigate the pollution of
the two tributaries of Tai Hang River. However, it was
observed that the tributary which passed through the
nearby village, Ma*On Shan Tsuen,contained yellowish
deposits on the stream Sediments and pebbles in the middle
portion next to the dumps. The same phenomenon was not
observed on the main tributary of Tai Hang River 0.7 km
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away. The acidic rainwater and the low pH nature of
the soils would dissolve more.exchangeable heavy metals in
soluble form into the underground water and the surface
runoff. This would be aggravated in localities with the
presence of pyrites on some of the dumps because the
sulphide in pyrite reacts with air and water to form
sulphuric acid. These metals would deposit again away
from the sources and has been demonstrated in other mine
sites (Foster et al., 1978 Kalbasi et al., 1978). This
process of metal deposition might take place during the
active mining activities in the past. The unsightly
sediments might cause damage at least by their unusual
high reflectivity on aquatic organisms. A partial removal
of waste rock dumps was commenced at the beginning of
1978 and the re-exposure of the waste rocks and soils may
cause metal contaminations of the nearby watercourses.
The two tributaries of Tai Hang River are the sole sources
of drinking water to the local people. The effect of
extremely low concentrations of heavy metals ingested
regularly by the villagers should not be overlooked.
B. The iron ore tailings
The iron ore tailings was generated from the dressing
plant after the adoption of wet magnetic separation method
for concentrating the iron content in the iron ore concent-
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rates. The tailings showed great differences from the
background. soils ' of Ma On Shan. It was alkaline with a
pH value of about 8.2 and contained a large amounts of
essential mineral elements as well as heavy metals. The
concentration of these metal may as high as 3103 ppm K,
1074 ppm Na, 9327 . ppm Ca, 28756 ppm Mg, 2123 ppm Mn,
19954 ppm Fe, 337 ppm Zn, 116 ppm Pb and 53 ppm Cu. The
contamination of various metals in the tailings was due
to their richness in the iron ore. The texture of the
tailings was sandy with a percentage of sand ranging from
88.4-92.4%. One of the effects of inadequate clay and
silt portions in the tailings was the low values of
saturation capacity. Soil moisture would be evaporated
under the direct heating of solar radiation on the surface
of the bare tailings. Because the tailings had extremely
sparse vegetation cover not more than 1% of the total
area, the-values of loss on ignition, total-organic
carbon and total nitrogen were low. However, the water
soluble phosphorus was higher than the background soil.
It was possibly due to the concentration of phosphorus
during the wet magnetic separation process. Some loca-
lities might receive higher water soluble phosphorus
content from the nearby discharge of domestic sewage.
At present, most of the surface on the tailings
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was excavated for landfilling purpose and deeper tailings
was exposed. A small area in Zone II was. not excavated
and showed the appearance of weathering on the surface.
The values of moisture, loss on ignition, total organic
carbon, pH, texture, bulk density and saturation capacity
of the newly exposed excavated tailings and the older,
weathered unexcavated tailings were similar. However, a
great difference was found between the total metal content
of the two tailings. The excavated tailings contained
higher amounts of potassium, sodium, calcium, magnesium,
iron, zinc and copper than the unexcavated tailings. It.
was expected that the differences were created by
weathering. Since the surface tailings was frequently
washed with acidic rainwater (pH 5.7), the decrease of
pH on the surface would facilitate the * solubility of
metal ions and they were then moved downwards. These
ions would become immobilize as the pH raised in the
solution of deeper tailings. This speculation was proved
by the leaching studies of the iron ore tailings.
Some of the areas at the iron ore tailings were
flooded with seawater after the excavation. Dramatic
changes on the edaphic factors of the tailings and on the
growth of plants were observed. The waterlogged tailings
consisted of a loamy texture and the high portion of clay
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and silt was resulted from the particle re-distribution
of the tailings under flooding conditions. The high
percentage of clay and silt accounted for the abrupt
increase of the saturation capacity and a lower bulk
density. The organic matter was high on the waterlogged
areas indicating by the higher value of loss on ignition,
total organic carbon and total nitrogen. It was mainly
due to the higher amounts of plant coverage and decom-
posing litters on the areas. It was well known that
oxygen deficiency, high concentration of carbon dioxide,
ferrous ions and m.anganous ions were common in waterlogged
soils (Russell and Appleyard, 1915 Martin, 1968 Foy et
al., 1978). The lowering of pH at the waterlogged
tailings (pH 7.66) might indicated the high concentration
of carbon dioxide in the tailings. In addition, the
exchangeable manganese content increased from 25.64 ppm
inthe unexcavated tailings to 75.1 ppm in the waterlogged
tailings. No dramatic change in the exchangeable content
of iron was noted. However, there was an abrupt increase
of exchangeable magnesium from a value of 150 ppm in
the unexcavated tailings to 447.5 ppm in the waterlogged
tailings. At this high concentration of magnesium, the
root growth would be significantly reduced (Wilkin, 1957).
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The only vigorously growing plant species on the waterlogged
areas was Paspalum distichum,
Quantitative analyses on the edaphic factors affect-
ing the distribution of plant species were impossible
to conduct because of the. extremely low coverage of the
plants. However, some factors influencing plant coloni-
zation were observed. The extreme temperature was one
of the potent factors in eliminating plant seedlings from
the tailings during summer. The maximum and minimum
temperature recorded on the surface of tailings were 56°C
and 19°C respectively within 24 hours at the beginning of
May, 1978 and at the-same time the moisture content of
the tailings was about 1.25-1.50%. These two factors are
of importance in the establishment of plant seedlings. In
addition, other factors such as alkalinity, salinity, low
macronutrient and high heavy metal contents in the
tailings might also influence the growth of seedlings and
mature plants.
It was found that the dam area supported a higher
plant coverage as well as larger numbers in plant species.
The area contained a mixture of background soil and
tailings.- The future investigation on the differences of
edaphic and microclimatic factors between the dam area
and the tailings may reveal the factors governing the
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growth of plants on the iron ore tailings. This investi-
gation would be essential for-the future process of
reclamation.
In view of the above results, seedlings were
constantly eliminated on the tailings and creeping grasses
such as Paspalum dis ti chum and Cynodon dactylon were
found to be the best type of plant to colonize the tailings
effectively. After a short period of rain, the tips of
these creeping grasses would grow vigorously and colonize
larger-areas with the nutrients supplied form the well
established older root .systems. The tips would cease to
grow under hat sunny days and they are protected from heat
damage by the young leaves and the scale-like stipules.
The plants growing on the tailings took up larger
amounts of metals than the control. Because of the rich-
ness of magnesium, potassium, calcium and sodium in the
tailings, the plant accumulated these ions and stored
them mainly in the leaves. Although excess heavy metal
contents were found in the plants growing on the tailings,
these metal ions were mainly localized in roots. There
were only two exceptions, Bidens ip losa and Urena lobata
J
with metal contents mainly stored in leaves. Among the
14 collected plant species, two of them showed changes when
growing on the tailings. The first one was a shrub, Urena
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lobata which translocated most of the absorbed metals to
the leaves. The values of metal contents in its leaves
were 2.11% Ca, 0.43% Mg, 1.31% K, 0.02% Na, 2128.8 ppm Fe,
279.6 ppm Mn, 239.9 ppm Zn, 141.5 ppm Pb and 47.2 ppm Cu.
The absorbed metals located in the leaves are easily
transferred through the food chain.
Another species is Pas alum distichum which
contained the highest amount of iron, manganese- and
lead in the roots among all the species collected from the
tailings.. The values were 4009 ppm Fe, 352 ppm Mn a and
449 ppm Pb. The absorbed metal were effectively chelated
in the root portion so that only about an average of 11.6%
of these metals were translocated into the aerial portions
of this plant. Th4.s is a well known phenomenon of the
metal-tolerant plant population growing on metalliferous
mines with excess amounts of heavy metals (Turner, 1970
Antonovics et al., 1971 Ernst, 1975). Therefore,
P. distichum would be a potential species with metal-
tolerant population on the iron ore taalings. On the
other hand, P. distichum was also found to colonize the
the waterlogged tailings with a rapid pace. The excess
amount of exchangeable ions such as 3611 ppm Na, 906 ppm
Ca, 447 ppm Mg and 75 ppm Mn in the waterlogged tailings
did not inhibit the growth of this creeping grass but
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seemed to accelerate its colonization. No toxicity
symptoms were found on the P. distichum growing. on the
waterlogged area. It is essential to carry out further
investigation in order to discover the factors governing
this peculiar growth of P. distichum,
There was no attempt on the study of weathering of the
iron ore tailings.- It has been shown that the pH had
little or no effect on the release of major essential
mineral elements but influenced the liberation of heavy
metals significantly by the leaching study. The acidic
rainwater of the Ma On Shan area would solublize the
heavy metals from the surface. However, very small amounts
of heavy metals would be released under alkaline condition
at deeper depth. Because the pH has little inf luencial
effects on.the dissolution of major essential mineral
elements in the tailings, there were no significant diff-
erences in the release of these elements between the
surface and deeper parts of the tailings. There was very
poor plant cover on the surface of the tailings and large
amounts of essential mineral elements as well as heavy
metals would be constantly released into the ambient
seawater and raise the metal content in the almost land-
locked Tolo Harbour. .
The leachate quality of the sewage sludge-amended
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tailings was also tested in the leaching studies. The
application of sewage sludge on land are possible to enrich
the soil and may act as fertilizers (Andersson, 1977
Andersson and Nillsson, 1976). The richness of macro-
nutrients and organic matter contents in the digested and
activated sludge was desirable for-the amendment of the.
infertile iron ore- tailings. The leaching study indicated
that the.application of sludge on tailing suface would give
rise to a contamination of heavy metals in the leachates
as well as the tailings because the content of these metals
were high in the sludge. The digested sludge usually
released a higher amount of heavy metals such as iron
and manganese although these metals are less toxic. On
the other hand, the total amount of heavy metal were
lower in the activated sludge but it contained a higher
amount of more toxic elements such as copper and lead. If
the rate of sludge application was lower than 30 metric
tonnes per ha., the amount of metal release was much lower
than that of the tailings. Field revegetation should carry
out to quantify the minimum rate of sludge application which
would support the best plant growth.
An attempt was made to delineate the existence of
weathering of the iron ore tailings by comparing the
previous work (Wong and Tam, 1977) with the present results
(Table 7.1) .
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Table 7.1 The comvarison of some edaphic factors of the tailings
recorded in 1976 1978.
Zone ExcavatedTailingZone
tailings **Zone I* III* unexcavated*II*
7.947.77 8.01 7.79 8.22pH
ND 332.4162.0NDNDConductivity (ps / cm)
0.070.070.660.651.05Total Organic Carbon (%)
13.68 18.0916.1414.5018.45TCEC (m.e./100 g)
0.42 0.080.140.40047Total N (%)
0.410.840,0140.0160.019Available Phosphorus (ppm)
287.O0 113.5190.84212.00 250.00Exchangeable Na (ppm)
105.5150.00125.00157.00 198.00Mg (ppm)
433.3 490.52507.00 3656.00 3847.00Ca (ppm)
42.257.102808.00 3318.00 3230.00.K (p pm)
6.67 1.6010.2011.50 7.40Fe (ppm)
25.64 41.112.408.6011.90Mn (ppm)
1.000.60 3.330.500.40Cu (ppm)






.Data from Wong Tam (1977) sampling carried out in 1976
*Sampling carried out in 1978
TECE means total cation exchange capacity.
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The values of pH, total cation exchange capacity were
no
comparable. There was suitable answer for the high values
of total organic carbon and total nitrogen on the bare
tailings in the previous findings. No comparison could be
made on the available phosphorus because of different
methods were used. Abrupt decreases of calcium and
potassium were found and the present contents of calcium
and potassium were 13.9% and 1.6% of the previous contents
respectively. The content of magnesium was comparable and
a slight decrease was found in the contents of sodium, iron,
zinc and lead. An increase of manganese and copper was
found but no conclusion could be made without the under-
standing of the breakdown process of the tailings. In
general, the metal contents of the tailings decreased
with time and it was caused by the leaching of rain-
water. The mass release of these cations from the iron
ore tailings into Tolo Harbour should be investigated as
fish and invertebrates growing in the area are continu-
ously consumed by the nearby population..
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A. Organic carbon (Walkley and Black, 1934)
a. Place 0.1 g of sample in a 500 ml conical flask and add
10 ml N potassium dichromate and 20 ml concentrated
sulphuric acid.
b. Swirl the mixture and allow to cool. Dilute with 200 ml
distilled water and add 10 ml phosphoric acid and 1 ml
diphenylamine indicator.
c. Titrate against 0.5 N ferrous sulphate until the color
change from blue to green.
d. Carry out a blank titration in the same way.
B. Available phosphate (Watanabe and Olsen, 1962)
a. Place 5 g of sample in a flask with 50. ml of distilled water.
b. Shake for 5 min and centrifuge the mixture for 15 min in
a centrifuge at a setting of 100.
c: Obtain clean extracts by repeated filtration with Whatman
No. 42 filter paper.
d. Pipette 10 ml aliquot into a seperating funnel.
e. Add 5 ml of molybdate solution adn 10 ml isobutanol and
shake the funnel for 2 min.
f. After 5 min discard the aqueous layer and wash with 10 ml
1 N H2S04.
g. Discard the aqueous layer and add 15 ml of dilute stannous
chloride solution.
341
h. Shake the funnel for 1 min and discard the aqueous layer.
i. Transfer the isobutanol layer into a 25 ml volumetric
flask.
j. Wash the funnel with ethyl alcohol and dilute the mark.
k. Allow the color to develop and determine the transmittance
of blue solution with 720 nm incident light with a
Spectrophotometer 70.
C. Total nitrogen (Bremner, - 1960)
a. Place 0.5 g soil sample in a 100 ml Kjeldahl flask, add
2 g K2SO4-MgO catalyst and then add 5 ml concentrated
sulphuric acid.
b. Heat gently for 2-3 hr until the digest become green or
strawgreen.
c. Allow to cool, filter with Whatman No. 42 filter paper
and then dilute to 50 ml.
d. Distill with the Markham apparatus by using 2 ml of the
digest and 2 ml of 40% NaOH with 10 ml 2%-boric acid
as an absorbent.
e. Collect the distillate approximate 20 ml until it turns blue.
f. Titrate the distillate with 0.02 N HCl until the colour
change to red.
D. Total cation exchange capacity (Hesse, 1971)
a. Extract 5-10 g sieved soil with 100 ml N ammonium acetate.
b. Evaporate a suitable aliquot of extract and then heat in
a muffle furnace at 500°C for 1 hr.
342
c. Cool and-add 10 ml 0.2 M HCl .
d. Digest on a waterbath for 30 mins.
e. Titrate with 0.1 M ammonium hydroxide using methyl red
as indicator.
f. Carry out a blank in the same way.
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APPENDIX II
The Rainfall of Hong Kong*
total Rainfall Monthly R.F. Daily R. F.MonthYear
1948 mm 389.6 mm 12.73m1968 5-9
297.91489.769 5-9 9.74
2012.5 402.5 13.1570 5-9
71 10.791651.65 - 9 330.32
2451.8 490.4 16.0372. 5-9
2889.35-9 577.9 18.8873
4-10 2018.5 288.474 9.43
213.81069.0 6.995-9
13.0675 1998.45-9 399.7
12.9776 5-9 1983.8 396.8
-77
279.25-9 1396.2 9.13
Average 12.57 + 3.11983.98 ± 439.9
*1884-
1939,
5-9 11.21 nun1715.2 nnn 343.04 mm
1947-
1960


